Trying 31060168 92 ... Open 

Welcome to STN International! Enter x:x 

LOGINID: sssptal 64 6mxb 

PASSWORD: 

TERMINAL (ENTER 1, 2, 3, OR ?):2 

********** Welcome to STN International ********** 

NEWS 1 Feb 2 Web Page URLs for STN Seminar Schedule - N. America 
NEWS 2 Dec 17 Expanded CAplus Coverage of US, Japanese, WIPO, 

EPO, and German patents 
NEWS 3 Feb 1 Addition of Machine-Translated Abstracts to CAplus 
NEWS 4 Feb 2 STEREO BOND SEARCH PROBLEM FIXED WITH STN EXPRESS 5 . 0C 
NEWS 5 Feb 14 Homology Searching for Nucleotide Sequences in DGENE 

now available! 
NEWS 6 Feb 16 BIOTECHNOBASE NOW ON STN 

NEWS 7 Feb 22 New Database Producer Clusters Now Available on STN 
NEWS 8 Feb 28 Structure Search Limits Increased in REGISTRY, 

Z REGISTRY, and CASREACT 
NEWS 9 Feb 28 Patent Information Now Searchable in CAOLD 
NEWS 10 Mar 1 New IMSDIRECTORY Provides Pharma Company Details 
NEWS 11 Mar 20 INPADOC: PRODUCER WARNING ABOUT DATA DELAYS 
NEWS 12 Mar 22 NEW FEATURES IN INPADOC - RANGE SEARCHING AND NEW 

SDI /UPDATE SEARCH FIELD 
NEWS 13 May 1 Beilstein Abstracts on STN - FILE BABS 
NEWS 14 May 1 RN CROSSOVER AND ANSWER SIZE LIMITS INCREASED 
NEWS 15 May 1 AIDSLINE has been reloaded 
NEWS 16 May 1 Searching Y2-K compliant Patent Numbers 

NEWS EXPRESS FREE UPGRADE 5 . 0C NOW AVAILABLE 

NEWS HOURS STN Operating Hours Plus Help Desk Availability 

NEWS INTER General Internet Information 

NEWS LOGIN Welcome Banner and News Items 

NEWS PHONE Direct Dial and Telecommunication Network Access to STN 

NEWS WWW CAS World Wide Web Site (general information) 

Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result in loss of user privileges and other penalties. 

************** STN Columbus *************** 
FILE 1 HOME 1 ENTERED AT 14:41:49 ON 02 MAY 2000 
=> file medline biosis 



COST IN U.S. DOLLARS SINCE FILE TOTAL 

ENTRY SESSION 

FULL ESTIMATED COST 0.15 0.15 

FILE ' MEDLINE 1 ENTERED AT 14:42:02 ON 02 MAY 2000 

FILE 1 BIOSIS 1 ENTERED AT 14:42:02 ON 02 MAY 2000 
COPYRIGHT (C) 2000 BIOSIS (R) 



=> s cyclase and CRE 



BEST AVAILABLE COP v 



rhythmic melatonin signal. 



L5 ANSWER 4 OF 15 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR: 

CORPORATE SOURCE: 



CONTRACT NUMBER: 
SOURCE: 



MEDLINE 
1999021198 MEDLINE 
99021198 

Inducible cAMP early repressor ICER down-regulation of 
CKEB gene expression in Sertoli cells. 
Walker W H; Daniel P B; Habener J F 

Laboratory of Molecular Endocrinology/ Massachusetts 
General Hospital, Howard Hughes Medical Institute, Harvard 
Medical School, Boston 02114, USA. 
DK25532 (NIDDK) 

MOLECULAR AND CELLULAR ENDOCRINOLOGY, 
(1-2) 167-78. 

ISSN: 0303-7207. 



(1998 Aug 25) 143 



Journal code: E69. 
Ireland 

Journal; Article; 
English 

Priority Journals 
199903 
19990301 



(JOURNAL ARTICLE) 



PUB. COUNTRY: 

' LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY WEEK: 

AB The cAMP response element binding protein (CREB) and the 

cAMP-responsive element modulator (CREM) are cyclically expressed in the 
seminiferous tubules during spermatogenesis. In the somatic Sertoli 

cells, 

which are the major supporters of germ cell development in the 

seminiferous tubules, the expression of CREB is cyclical and 

appears to be regulated by the levels of cAMP produced in response to the 

pituitary derived follicle-stimulating hormone FSH. Cyclic AMP response 

elements (CREs) located in the promoter of the CREB gene were 

shown earlier to be implicated in an autopositive feedback 

loop that up-regulates the expression of CREB. Here we 

show that in Sertoli cells FSH-mediated induction of the CREM repressor 
isoform, ICER (inducible cAMP early repressor) is correlated with the 
inhibition and delay of CREB gene expression in the seminiferous 
tubules. ICER binds to the two CREs located in the promoter of the 
CREB gene and in transient transfection assays of Sertoli cells, 
ICER expression vectors down-regulate transcription of a reporter gene 
driven by the -CREB gene promoter. In addition, analyses of ICER 
and CREB gene expression in isolated segments of rat 
seminiferous tubules reveals stage-specific and cycle-dependent 
expression 

of ICER. The periods of enhanced expression of ICER correspond to the 

stages of spermatogenesis with the lowest levels of CREB 

expression. We suggest that the expression of ICER in Sertoli cells may 

contribute to the periodic repression of CREB gene expression 

during the repeated 12-day cycles of spermatogenesis, and may be required 

to reset the levels of activator CREB prior to the initiation of 
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AB Several endocrine and neuronal functions are governed by the 

cAMP-dependent signalling pathway. In eukaryotes, transcriptional 
regulation upon stimulation of the adenylyl cyclase signalling 
pathway is mediated by a family of cAMP-responsive nuclear factors. This 
family consists of a large number of members that may act as activators 

or 

repressors. These factors contain the basic domain/ leucine zipper motifs 

and bind as dimers to cAMP-response elements (CRE) . The function 

of CRE-binding proteins (CREBs) is modulated by phosphorylation 

by several kinases. Direct activation of gene expression by CREB requires 

phosphorylation by the cAMP-dependent protein kinase A to the serine-133 

residue. Among the repressors, ICER (Inducible cAMP Early Repressor) 

deserves special mention. ICER is generated from an alternative CREM 

promoter and constitutes the only inducible cAMP-responsive element 

binding protein. Furthermore, ICER negatively autoregulates the 

alternative promoter, thus generating a feedback loop. 

In contrast to the other members of the CRE-binding protein 

family, ICER expression is tissue specific and developmentally regulated. 

The kinetics of ICER expression are characteristic of an early response 

gene. Our results indicate that CREM plays a key physiological and 

developmental role within the hypothalamic-pituitary-gonadal axis . We 

have 

previously shown that the transcriptional activator CREM is highly 
expressed in postmeiotic cells. Spermiogenesis is a complex process by 
which postmeiotic male germ cells differentiate into mature spermatozoa. 
This process involves remarkable structural and biochemical changes that 
are under the hormonal control of the hypothalamic-pituitary axis. We 

have 

addressed the specific role of CREM in spermiogenesis using CREM-mutant 
mice generated by homologous recombination. Analysis of the seminiferous 
epithelium from mutant male mice reveals that spermatogenesis stops at 

the 

first step of spermiogenesis. Late spermatids are completely absent, 

while 

there is a significant increase in apoptotic germ cells. A series of 
postmeiotic germ cell-specific genes are not expressed. Mutant male mice 
completely lack spermatozoa. This phenotype is reminiscent of cases of 



human infertility. V^Bave shown that ICER is regulab^^in a circadian 
manner in the pineal^^and, the site of the hormone mWJtonin production. 
This night-day oscillation is driven by the endogenous clock (located in 
the suprachiasmatic nucleus, SCN) . The synthesis of melatonin is 
regulated 

by a rate-limiting enzyme, the serotonin N-acetyltransf erase (NAT) . By 
using the CREM-def icient mice and by analysis of the regulatory region of 
the gene encoding the serotonin NAT, we have established that ICER is 
responsible for the amplitude and rhythmicity of NAT and thus for the 
oscillation in the hormonal synthesis of melatonin. 
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which are the major ^Wporters of germ cell developme^^in the 

seminiferous tubules^^he expression of CREB is cycli^^ and 

appears to be regulated by the levels of cAMP produced in response to the 
pituitary derived follicle-stimulating hormone FSH. Cyclic AMP response 
elements (CREs) located in the promoter of the CREB gene were 
shown earlier to be implicated in an autopositive feedback 
loop that up-regulates the expression of CREB. Here we 

show that in Sertoli cells FSH-mediated induction of the CREM repressor 
isoform, ICER (inducible cAMP early repressor) is correlated with the 
inhibition and delay of CREB gene expression in the seminiferous 
tubules. ICER binds to the two CREs located in the promoter of the 
CREB gene and in transient transfection assays of Sertoli cells, 
ICER expression vectors down-regulate transcription of a reporter 
gene driven by the CREB gene promoter. In addition, analyses of 
ICER and CREB gene expression in isolated segments of rat 
seminiferous tubules reveals stage-specific and cycle-dependent 
expression 

of ICER. The periods of enhanced expression of ICER correspond to the 

stages of spermatogenesis with the lowest levels of CREB 

expression. We suggest that the expression of ICER in Sertoli cells may 

contribute to the periodic repression of CREB gene expression 

during the repeated 12-day cycles of spermatogenesis, and may be required 

to reset the levels of activator CREB prior to the initiation of 

each new cycle of spermatogenesis. 
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AB Nitric oxide (NO) is a short-lived, highly reactive gas, which has been 
identified as a mediator in vasodilation, an active agent in macrophage 
cytotoxicity and neurotoxicity, and a neuro-transmitter in the central 

and 

peripheral nervous systems. Production of NO by neurons is critical for 
facilitated synaptic transmission in models of synaptic plasticity such 

as 

long-term potentiation and long-term depression, suggesting a role for NO 
as a retrograde messenger that could complete a hypothetical 
feedback loop by strengthening the connection between 

postsynaptic and presynaptic cells. We report here that although alone NO 
has no evident effect on transcription, it can act as an amplifier of 
calcium signals in neuronal cells. NO and Ca2+ action have to coincide in 
time for amplification to occur. Experiments with a series of simplified 
reporter genes in combination with specific recombinant protein 
kinase inhibitors suggest that induction of gene activity following 
NO-amplified calcium action involves protein kinase A-dependent 
activation 

of the transcription factor CREB. 
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When ectopically expressed, XNGN-1 induces the 
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AB XNGN-1, a 

proteins, 

Xenopus embryos 
expression 

of a set of genes required for neuronal differentiation such as XMyTl and 
NeuroD. At the same time, however, XNGN-1 induces the expression of genes 
that antagonize neuronal differentiation by a process called lateral 
inhibition. Here, we present evidence that XNGN-1 activates the 
expression 

of genes required for differentiation and lateral inhibition by 
recruiting 

transcriptional coactivators p300/CBP (CREB-binding protein) or 
PCAF (p300/CBP-associated protein) , both of which contain histone 
acetyltransf erase (HAT) activity. Significantly, transcriptional 
activation of the genes in the lateral inhibitory pathway is less 
dependent on the HAT activity than is the activation of the genes that 



mediate dif f erentiat^M. We propose that this dif fere^^ enables the 

genes 

in the lateral inhibition pathway to be induced prior to the genes that 
promote differentiation, thus enabling lateral inhibition to establish a 
negative feedback loop and restrict the number of 
cells undergoing neuronal differentiation. 
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proteins, 

Xenopus embryos . 
expression 

of a set of genes required for neuronal differentiation such as XMyTl and 
NeuroD. At the same time, however, XNGN-1 induces the expression of genes 
that antagonize neuronal differentiation by a process called lateral 
inhibition. Here, we present evidence that XNGN-1 activates the 
expression 

of genes required for differentiation and lateral inhibition by 
recruiting 

transcriptional coactivators p300/CBP (CREB-binding protein) or 
PCAF (p300/CBP-associated protein) , both of which contain histone 
acetyltransf erase (HAT) activity. Significantly, transcriptional 
activation of the genes in the lateral inhibitory pathway is less 
dependent on the HAT activity than is the activation of the genes that 
mediate differentiation. We propose that this difference enables the 

genes 

in the lateral inhibition pathway to be induced prior to the genes that 
promote differentiation, thus enabling lateral inhibition to establish a 
negative feedback loop and restrict the number of 
cells undergoing neuronal differentiation. 
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role of dCREB2, the Drosophila homolog of CREB 



/CREM, in circadian ^■thms . dCREB2 activity cycles a 24 hr rhythm 

in 

flies, both in a light: dark cycle and in constant darkness. A mutation in 
dCREB2 shortens circadian locomotor rhythm in flies and dampens the 
oscillation of period, a known clock gene. Cycling dCREB2 activity is 
abolished in a period mutant, indicating that dCREB2 and Period affect 
each other and suggesting that the two genes participate in the same 
regulatory feedback loop. We propose that dCREB2 

supports cycling of the Period/Timeless oscillator. These findings 
support 

CREB's role in mediating adaptive behavioral responses to a variey 
of environmental stimuli (stress, growth factors, drug addiction, 
circadian rhythms, and memory formation) in mammals and long-term memory 
formation and circadian rhythms in Drosophila. 
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AB The suprachiasmatic nucleus (SCN) is a central pacemaker in mammals, 

driving many endogenous circadian rhythms. An important pacemaker target 
is the regulation of a hormonal message for darkness, the circadian 

rhythm 

in melatonin synthesis. The endogenous clock within the SCN is 
synchronized to environmental light/dark cycles by photic information 
conveyed via the retinohypothalamic tract (RHT) and by the nocturnal 
melatonin signal that acts within a feedback loop. We 

investigated how melatonin intersects with the temporally gated resetting 
actions of two RHT transmitters, pituitary adenylate cyclase-activating 
polypeptide (PACAP) and glutamate. We analyzed immunocytochemically the 
inducible phosphorylation of the transcription factor Ca2+/cAMP response 
element-binding protein (CREB) in the SCN of a 

melatonin-prof icient (C3H) and a melatonin-def icient (C57BL) mouse 
strain. 

In vivo, light-induced phase shifts in locomotor activity were 
consistently accompanied by CREB phosphorylation in the SCN of 
both strains. However, in the middle of subjective nighttime, light 
induced larger phase delays in C57BL than in C3H mice. In vitro, PACAP 



and 



C3H 



glutamate induced CREB phosphorylation in the SCN of both mouse 
strains, with PACAP being more effective during late subjective daytime 
and glutamate being more effective during subjective nighttime. Melatonin 
suppressed PACAP- but not glutamate-induced phosphorylation of 
CREB. The distinct temporal domains during which glutamate and 
PACAP induce CREB phosphorylation imply that during the 

light/dark transition the SCN switches sensitivity between these two RHT 
transmitters. Because these temporal domains are not different between 

and C57BL mice, the sensitivity windows are set independently of the 
rhythmic melatonin signal. 
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AB The cAMP response element binding protein (CREB) and the 

cAMP-responsive element modulator (CREM) are cyclically expressed in the 
seminiferous tubules during spermatogenesis. In the somatic Sertoli 

cells, 

which are the major supporters of germ cell development in the 

seminiferous tubules, the expression of CREB is cyclical and 

appears to be regulated by the levels of cAMP produced in response to the 

pituitary derived follicle-stimulating hormone FSH. Cyclic AMP response 

elements (CREs) located in the promoter of the CREB gene were 

shown earlier to be implicated in an autopositive feedback 

loop that up-regulates the expression of CREB. Here we 

show that in Sertoli cells FSH-mediated induction of the CREM repressor 
isoform, ICER (inducible cAMP early repressor) is correlated with the 
inhibition and delay of CREB gene expression in the seminiferous 
tubules. ICER binds to the two CREs located in the promoter of the 
CREB gene and in transient transfection assays of Sertoli cells, 
ICER expression vectors down-regulate transcription of a reporter gene 
driven by the CREB gene promoter. In addition, analyses of ICER 
and CREB gene expression in isolated segments of rat 
seminiferous tubules reveals stage-specific and cycle-dependent 
expression 

of ICER. The periods of enhanced expression of ICER correspond to the 

stages of spermatogenesis with the lowest levels of CREB 

expression. We suggest that the expression of ICER in Sertoli cells may 

contribute to the periodic repression of CREB gene expression 

during the repeated 12-day cycles of spermatogenesis, and may be required 

to reset the levels of activator CREB prior to the initiation of 

each new cycle of spermatogenesis. 
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The pineal organ, its hormone melatonin, and the 

photoneuroendocrine system. 
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pineal organ rhythmically synthesizes and secretes 
ng nighttime and forms an essential component of the 
crine system which allows humans and animals to measure and 

Regulation of the melatonin biosynthesis depends on 



from photoreceptors ^^:eiving and transmitting envir^^fcntal light 
stimuli and endogenoi^Foscillators generating a circacBKi rhythm which is 
independent from any environmental time cue (zeitgeber) . In nonmammalian 
species the photoreceptors responsible for regulating melatonin 
biosynthesis reside within the pineal organ itself. In several 
nonmammalian species (e.g., lamprey, zebra fish, house sparrow, chicken) 
the pineal organ is also capable of generating circadian rhythms and thus 
serves all key functions of the photoneuroendocrine system: 
photoreception, endogenous rhythm generation, and production of 
neurohormones. These may even be accomplished by a single 
"photoneuroendocrine" cell. In mammals the pineal organ has lost both the 
direct light sensitivity and the capacity of generating circadian 
rhythms, 

and melatonin biosynthesis is regulated by retinal photoreceptors and a 
circadian oscillator located in the suprachiasmatic nucleus of the 
hypothalamus. Due to this spatial separation the photoneuroendocrine 
system of mammals comprises neuronal and neuroendocrine pathways which 
interconnect its components. The neuronal pathways involve circuits of 
both the central and the peripheral nervous systems, and as an important 
final link noradrenergic sympathetic nerve fibers. The suprachiasmatic 
nucleus appears as a major target of melatonin in mammals. The pineal 
hormone may thus be involved in a feedback loop of the 
mammalian photoneuroendocrine system. The present comparative 
contribution 

considers, after a short survey of classical findings on the phylogenetic 
development and the gross anatomy of the pineal complex, cytoevolutionary 
and cell biological aspects of the various types of pinealocytes as well 
as the afferent and efferent innervation of the pineal organ 
(pinealof ugal 

and pinealopetal neuronal pathways) . Moreover, emphasis is placed on 
receptor mechanisms, second messenger systems (Ca2+ and cyclic AMP), 
transcription factors (e.g, CREB and ICER) , and their roles for 
regulation of melatonin biosynthesis. Finally, the action, targets, and 
receptors of melatonin are dealt with. The synoptic approach of this 
contribution, which combines anatomical and ultrastructural findings with 
cell and molecular biological results, confirms the functional 
significance of the melatonin-synthesizing pineal organ as an important 
component of the photoneuroendocrine system and stresses the importance 

of 

this organ as a model to study signal transduction mechanisms both in 
photoreceptors and in neuroendocrine cells. 
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ENTRY MONTH: 199809 
ENTRY WEEK: 19980903 

AB Several endocrine and neuronal functions are governed by the 

cAMP-dependent pathway. Transcriptional regulation upon stimulation of 
this pathway is mediated by a family of cAMP-responsive nuclear factors. 
This family consists of a large number of members, which may act as 
activators or repressors. These factors contain the basic domain/leucine 
zipper motifs and bind as dimers to cAMP-response elements (CRE) . 
CRE-binding protein (CREBs) function is modulated by phosphorylation by 
several kinases. Direct activation of gene expression by CREB 



requires phosphorylat^^ by the cAMP- dependent PKA to A[ine 133. Among 
the repressors, ICER ^Rducible cAMP Early Repressor) ^Kerves special 
mention. ICER is generated from an alternative CREM promoter and is the 
only inducible CRE-binding protein. ICER negatively autoregulates the 
alternative promoter, generating a feedback loop. ICER 

expression is tissue specific and developmentally regulated. The kinetics 
of ICER expression are characteristic of an early response gene. CREM 
plays a key physiological and developmental role within the 
hypothalamic-pituitary-gonadal axis. The transcriptional activator CREM 



is 



highly expressed in postmeiotic cells. The role of CREM in spermiogenesis 
was addressed using CREM knock-out mice. Spermatogenesis stops at the 
first step of spermiogenesis in the mutants and there is a significant 
increase in apoptotic germ cells. This phenotype is reminiscent of cases 
of human infertility. ICER is regulated in a circadian manner in the 
pineal gland, the site of the hormone melatonin production. This 
night-day 

oscillation is driven by the endogenous clock (located in the 
suprachiasmatic nucleus) . The synthesis of melatonin is regulated by a 
rate-limiting enzyme, serotonin N-acetyltransf erase (NAT) . Analysis of 



the 



in 



CREM-null mice and of the promoter of the NAT gene revealed that ICER 
controls the amplitude and rhythmicity of NAT, and thus the oscillation 

the hormonal synthesis of melatonin. 
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AB Several endocrine and neuronal functions are governed by the 

cAMP-dependent signalling pathway. In eukaryotes, transcriptional 
regulation upon stimulation of the adenylyl cyclase signalling pathway is 
mediated by a family of cAMP-responsive nuclear factors. This family 
consists of a large number of members that may act as activators or 
repressors. These factors contain the basic domain/ leucine zipper motifs 
and bind as dimers to cAMP-response elements (CRE) . The function of 
CRE-binding proteins (CREBs) is modulated by phosphorylation by several 
kinases. Direct activation of gene expression by CREB requires 
phosphorylation by the cAMP-dependent protein kinase A to the serine-133 
residue. Among the repressors, ICER (Inducible cAMP Early Repressor) 
deserves special mention. ICER is generated from an alternative CREM 
promoter and constitutes the only inducible cAMP-responsive element 
binding protein. Furthermore, ICER negatively autoregulates the 
alternative promoter, thus generating a feedback loop. 

In contrast to the other members of the CRE-binding protein family, ICER 
expression is tissue specific and developmentally regulated. The kinetics 
of ICER expression are characteristic of an early response gene. Our 
results indicate that CREM plays a key physiological and developmental 
role within the hypothalamic-pituitary-gonadal axis. We have previously 
shown that the transcriptional activator CREM is highly expressed in 
postmeiotic cells. Spermiogenesis is a complex process by which 
postmeiotic male germ cells differentiate into mature spermatozoa. This 
process involves remarkable structural and biochemical changes that are 
under the hormonal control of the hypothalamic-pituitary axis . We have 



addressed the specif i^Aole of CREM in spermiogenesis ^Bng CREM-mutant 
mice generated by hoim^rogous recombination. Analysis o™he seminiferous 
epithelium from mutant male mice reveals that spermatogenesis stops at 

the 

first step of spermiogenesis. Late spermatids are completely absent, 

while 

there is a significant increase in apoptotic germ cells. A series of 
postmeiotic germ cell-specific genes are not expressed. Mutant male mice 
completely lack spermatozoa. This phenotype is reminiscent of cases of 
human infertility. We have shown that ICER is regulated in a circadian 
manner in the pineal gland, the site of the hormone melatonin production. 
This night-day oscillation is driven by the endogenous clock (located in 
the suprachiasmatic nucleus, SCN) . The synthesis of melatonin is 
regulated 

by a rate-limiting enzyme, the serotonin N-acetyltransf erase (NAT) . By 
using the CREM-def icient mice and by analysis of the regulatory region of 
the gene encoding the serotonin NAT, we have established that ICER is 
responsible for the amplitude and rhythmicity of NAT and thus for the 
oscillation in the hormonal synthesis of melatonin. 
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Amplification of calcium-induced gene transcription by 
nitric oxide in neuronal cells [published erratum appears 
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Nitric oxide (NO) is a short-lived, highly reactive gas, which has been 
identified as a mediator in vasodilation, an active agent in macrophage 
cytotoxicity and neurotoxicity, and a neuro-transmitter in the central 



AUTHOR: 

CORPORATE SOURCE 
SOURCE: 

PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
AB 



peripheral nervous systems. Production of NO by neurons is critical for 
facilitated synaptic transmission in models of synaptic plasticity such 



NO 



long-term potentiation and long-term depression, suggesting a role for 
as a retrograde messenger that could complete a hypothetical 
feedback loop by strengthening the connection .between 

postsynaptic and presynaptic cells. We report here that although alone 
has no evident effect on transcription, it can act as an amplifier of 
calcium signals in neuronal cells. NO and Ca2+ action have to coincide 
time for amplification to occur. Experiments with a series of simplified 
reporter genes in combination with specific recombinant protein kinase 
inhibitors suggest that induction of gene activity following NO-amplif ied 
calcium action involves protein kinase A-dependent activation of the 
transcription factor CREB. 



NO 



in 
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Activation of Xenopus genes required for lateral 

and neuronal differentiation during primary neurogenesis. 
Koyano-Nakagawa, Naoko; Wettstein, Daniel; Kintner, Chris 
(1) 

(1) Molecular Neurobiology Laboratory, Salk Institute for 
Biological Studies, San Diego, CA, 92186 USA 
Molecular and Cellular Neuroscience, (Oct. Nov., 1999) 

14, No. 4-5, pp. 327-339. 
ISSN: 1044-7431. 
Article 



LANGUAGE: Engl is 

SUMMARY LANGUAGE: Engli< 
AB XNGN-1, a member of the neurogenin family of basic helix-loop-helix 

proteins, plays a critical role in promoting neuronal differentiation in 
Xenopus embryos. When ectopically expressed, XNGN-1 induces the 
expression 

of a set of genes required for neuronal differentiation such as XMyTl and 
NeuroD. At the same time, however, XNGN-1 induces the expression of genes 
that antagonize neuronal differentiation by a process called lateral 
inhibition. Here, we present evidence that XNGN-1 activates the 
expression 

of genes required for differentiation and lateral inhibition by 
recruiting 

transcriptional coactivators p300/CBP (CREB-binding protein) or 
PCAF (p300/CBP-associated protein) , both of which contain histone 
acetyltransf erase (HAT) activity. Significantly, transcriptional 
activation of the genes in the lateral inhibitory pathway is less 
dependent on the HAT activity than is the activation of the genes that 
mediate differentiation. We propose that this difference enables the 

genes 

in the la teral inhibition pathway to be induced prior to the genes that 
promote differentiation, thus enabling lateral inhibition to establish a 
negative feedback loop and restrict the number of 
cells undergoing neuronal differentiation. 

L5 ANSWER 10 OF 15 BIOSIS COPYRIGHT 2000 BIOSIS 
ACCESSION NUMBER: 1999:248178 BIOSIS 
DOCUMENT NUMBER: PREV199900248178 

TITLE: The Drosophila dCREB2 gene affects the circadian clock. 
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DOCUMENT TYPE: Article 
LANGUAGE: English 
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AB We report the role of dCREB2 , the Drosophila homolog of CREB 

/CREM, in circadian rhythms. dCREB2 activity cycles with a 24 hr rhythm 

in 

flies, both in a light :dark cycle and in constant darkness. A mutation in 
dCREB2 shortens circadian locomotor rhythm in flies and dampens the 
oscillation of period, a known clock gene. Cycling dCREB2 activity is 
abolished in a period mutant, indicating that dCREB2 and Period affect 
each other and suggesting that the two genes participate in the same 
regulatory feedback loop. We propose that dCREB2 

supports cycling of the Period/Timeless oscillator. These findings 
support 

CREB f s role in mediating adaptive behavioral responses to a variey 
of environmental stimuli (stress, growth factors, drug addiction, 
circadian rhythms, and memory formation) in mammals and long-term memory 
formation and circadian rhythms in Drosophila. 
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TITLE: Functional role of p35srj, a novel p300/CBP binding 

protein, during transactivation by HIF-1. 

AUTHOR(S): Bhattacharya, Shoumo; Michels, Catherine L.; Leung, 

Man-Kit; Arany, Zoltan P.; Kung, Andrew L.; Livingston, 
David M. (1) 

CORPORATE SOURCE: (1) Dana-Farber Cancer Institute, Harvard Medical School, 
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SOURCE: Genes & Development, (Jan. 1, 1999) Vol. 13, No. 1, pp. 
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AB Recruitment of p300/CBP by the hypoxia-inducible factor, HIF-1, is 



essential for the tra^^riptional response to hypoxia requires an 

interaction between t^^p300/CBP CHI region and HIF-la^Pna. A new 

p300-CHl 

interacting protein, p35sr j , has been identified and cloned. p35srj is an 
alternatively spliced isoform of MRG1, a human protein of unknown 
function. Virtually all endogenous p35srj is bound to p300/CBP in vivo, 
and it inhibits HIF-1 transactivation by blocking the HIF-lalpha/p300 CHI 
interaction. p35srj did not affect transactivation by transcription 
factors that bind p300/CBP outside the CHI region. Endogenous p35srj is 
up-regulated markedly by the HIF-1 activators hypoxia or deferoxamine, 
suggesting that it could operate in a negative -feedback 
loop. In keeping with this notion, a p300 CHI mutant domain, 
defective in HIF-1 but not p35srj binding, enhanced endogenous HIF-1 
function. In hypoxic cells, p35srj may regulate HIF-1 transactivation by 
controlling access of HIF-lalpha to p300/CBP, and may keep a significant 
portion of p300/CBP available for interaction with other transcription 
factors by partially sequestering and functionally compartmentalizing 
cellular p300/CBP. 
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LANGUAGE: English 

AB The suprachiasmatic nucleus (SCN) is a central pacemaker in mammals, 

driving many endogenous circadian rhythms. An important pacemaker target 
is the regulation of a hormonal message for darkness, the circadian 

rhythm 

in melatonin synthesis. The endogenous clock within the SCN is 
synchronized to environmental light/dark cycles by photic information 
conveyed via the retinohypothalamic tract (RHT) and by the nocturnal 
melatonin signal that acts within a feedback loop. We 

investigated how melatonin intersects with the temporally gated resetting 
actions of two RHT transmitters, pituitary adenylate cyclase-activating 
polypeptide (PACAP) and glutamate. We analyzed immunocytochemically the 
inducible phosphorylation of the transcription factor Ca2+/cAMP response 
element-binding protein (CREB) in the SCN of a 

melatonin-prof icient (C3H) and a melatonin-def icient (C57BL) mouse 
strain . 

In vivo, light-induced phase shifts in locomotor activity were 
consistently accompanied by CREB phosphorylation in the SCN of 
both strains. However, in the middle of subjective nighttime, light 
induced larger phase delays in C57BL than in C3H mice. In vitro, PACAP 



and 



C3H 



glutamate induced CREB phosphorylation in the SCN of both mouse 
strains, with PACAP being more effective during late subjective daytime 
and glutamate being more effective during subjective nighttime. Melatonin 
suppressed PACAP- but not glutamate-induced phosphorylation of 
CREB. The distinct temporal domains during which glutamate and 
PACAP induce CREB phosphorylation imply that during the 

light/dark transition the SCN switches sensitivity between these two RHT 
transmitters. Because these temporal domains are not different between 

and C57BL mice, the sensitivity windows are set independently of the 
rhythmic melatonin signal. 
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Inducible cAMP early repressor ICER down-regulation of 
CREB gene expression in Sertoli cells. 

Walker, William H . ; Daniel, Philip B.; Habener, Joel F. 
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143, No. 1-2, pp. 167-178. 

ISSN: 0303-7207. 
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LANGUAGE: English 

AB The cAMP response element binding protein (CREB) and the 

cAMP-responsive element modulator (CREM) are cyclically expressed in the 
seminiferous tubules during spermatogenesis. In the somatic Sertoli 

cells , 

which are the major supporters of germ cell development in the 

seminiferous tubules, the expression of CREB is cyclical and 

appears to be regulated by the levels of cAMP produced in response to the 

pituitary derived follicle-stimulating hormone FSH. Cyclic AMP response 

elements (CREs) located in the promoter of the CREB gene were 

shown earlier to be implicated in an autopositive feedback 

loop that up-regulates the expression of CREB. Here we 

show that in Sertoli cells FSH-mediated induction of the CREM repressor 
isoform, ICER (inducible cAMP early repressor) is correlated with the 
inhibition and delay of CREB gene expression in the seminiferous 
tubules. ICER binds to the two CREs located in the promoter of the 
CREB gene and in transient transfection assays of Sertoli cells, 
ICER expression vectors down-regulate transcription of a reporter gene 
driven by the CREB gene promoter. In addition, analyses of ICER 
and CREB gene expression in isolated segments of rat 
seminiferous tubules reveals stage-specific and cycle-dependent 
expression 

of ICER. The periods of enhanced expression of ICER correspond to the 

stages of spermatogenesis with the lowest levels of CREB 

expression. We suggest that the expression of ICER in Sertoli cells may 

contribute to the periodic repression of CREB gene expression 

during the repeated 12-day cycles of spermatogenesis, and may be required 

to reset the levels of activator CREB prior to the initiation of 

each new cycle of spermatogenesis. 
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Coupling gene expression to cAMP signalling: Role of 
CREB and CREM. 

Sassone-Corsi, Paolo (1) 
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International Journal of Biochemistry & Cell Biology, 
(Jan., 1998) Vol. 30, No. 1, pp. 27-38. 
ISSN: 1357-2725. 
General Review 
English 

Several endocrine and neuronal functions are governed by the 
CAMP-dependent pathway. Transcriptional regulation upon stimulation of 
this pathway is mediated by a family of cAMP-responsive nuclear factors. 
This family consists of a large number of members, which may act as 
activators or repressors. These factors contain the basic domain/leucine 
zipper motifs and bind as dimers to cAMP-response elements (CRE) . 
CRE-binding protein (CREBs) function is modulated by phosphorylation by 
several kinases. Direct activation of gene expression by CREB 
requires phosphorylation by the cAMP-dependent PKA to serine 133. Among 
the repressors, ICER (Inducible CAMP Early Repressor) deserves special 
mention. ICER is generated from an alternative CREM promoter and is the 
only inducible CRE-binding protein. ICER negatively autoregulates the 



DOCUMENT TYPE: 
LANGUAGE : 
AB 



:,^^fcne rating a feedback loop. ICEM^ 
s^^cific and developmentally regiflBKe 



alternative promoter, 

expression is tissue^^cif ic and developmentally regu^BKed. The kinetics 
of ICER expression are characteristic of an early response gene. CREM 
plays a key physiological and developmental role within the 
hypothalamic-pituitary-gonadal axis. The transcriptional activator CREM 



is 



highly expressed in postmeiotic cells. The role of CREM in spermiogenesis 
was addressed using CREM knock-out mice. Spermatogenesis stops at the 
first step of spermiogenesis in the mutants and there is a significant 
increase in apoptotic germ cells. This phenotype is reminiscent of cases 
of human infertility. ICER is regulated in a circadian manner in the 
pineal gland, the site of the hormone melatonin production. This 
night-day 

oscillation is driven by the endogenous clock (located in the 
suprachiasmatic nucleus) . The synthesis of melatonin is regulated by a 
rate-limiting enzyme, serotonin N-acetyltransf erase (NAT) . Analysis of 



the 



m 



CREM-null mice and of the promoter of the NAT gene revealed that ICER 
controls the amplitude and rhythmicity of NAT, and thus the oscillation 

the hormonal synthesis of melatonin. 
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AB Nitric oxide (NO) is a short-lived, highly reactive gas, which has been 
identified as a mediator in vasodilation, an active agent in macrophage 
cytotoxicity and neurotoxicity, and a neurotransmitter in the central and 
peripheral nervous systems-1-5. Production of NO by neurons is critical 
for facilitated synaptic transmission in models of synaptic plasticity 
such as long-term potentiation and long-term depression, suggesting a 



role 



for NO as a retrograde messenger that could complete a hypothetical 
feedback loop by strengthening the connection between 
postsynaptic and presynaptic cells-6-10. We report here that although 
alone NO has no evident effect on transcription, it can act as an 
amplifier of calcium signals in neuronal cells. NO and Ca-2 + action have 
to coincide in time for amplification to occur. Experiments with a series 
of simplified reporter genes in combination with specific recombinant 
protein kinase inhibitors suggest that induction of gene activity 
following NO-amplified calcium action involves protein kinase A-dependent 
activation of the transcription factor CREB. 
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FILE SEGMENT: Priority Journals; Cancer Journals 
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AB A significant proportion of human cancers express high levels of p53 
protein in the absence of an underlying mutation in the gene. Using 
transformed (Vhl) and non-transformed (FRTL-5 ) rat thyroid epithelial 

cell 

lines as a model, we have examined the mechanisms by which high levels of 
wild-type p53 may be tolerated. Stable transfection with p53-dependent 
reporter constructs demonstrated that the 'excess 1 wild-type p53 
in Vhl cells is not associated with a comparable increase in 
p53-dependent 

transcription (though the response to u.v. irradiation is retained). 
Mdm-2, which binds p53 and inhibits its transactivation activity, is 
overexpressed in Vhl cells in the absence of gene amplification 
and in a p53-dependent manner. Furthermore disruption of p53-mdm-2 
complex 

formation in Vhl cells by microinjection of an antibody to the 
p53-binding 

domain of mdm-2 resulted in a dramatic increase in p53-dependent 
transcription. Since only a small proportion of the p53 in Vhl cells was 
found to be in complex with mdm-2 (the majority of unbound protein being 
in a latent form) , this suggests that mdm-2 selectively binds a pool of 
p53 that would otherwise be active as a sequence-specific activator of 
transcription. We suggest that, in some types of tumour, the 
' sensitivity' 

of the p53-driven mdm-2 feedback loop may be 

sufficient to prevent free, active p53 reaching the level required for 
growth arrest or apoptosis, making them an ideal target for therapies 
designed to disrupt p53-mdm-2 interactions. 
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AB Normal p53 function is required for optimal arrest of cells in the Gl 
phase of the cell cycle following certain types of DNA damage. Loss of 
this cell cycle checkpoint may contribute to tumor development by 
increasing the number of genetic abnormalities in daughter cells 

following 

DNA damage. The MDM2 protein is an endogenous gene product that binds to 

the p53 protein and is able to block p53-mediated transactivation of 

cotransf ected reporter constructs; thus, interactions between 

MDM2 and p53 in this checkpoint pathway following ionizing irradiation 

were examined. Though increases in p53 protein by DNA damage were not 

abrogated by MDM2 overexpression, increased levels of MDM2, resulting 

either from endogenous gene amplification or from transfection 

of an exogenous expression vector, were associated with a reduction in 

the 



ability of cells to j|^^st in Gl following irradiatioi^^n addition, 
expression of endoge^W MDM2 was enhanced by ionizin<^BFradiation at the 

level of transcription in a p53-dependent fashion. These observations 
demonstrate that MDM2 overexpression can inhibit p53 function in a known 
physiologic pathway and are consistent with the hypothesis that MDM2 may 
function in a "feedback loop" mechanism with p53, 

possibly acting to limit the length or severity of the p53-mediated 
arrest 

following DNA damage. 
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transcription by nitric oxide in neuronal cells [published 
erratum appears in Nature 1993 Sep 30; 365 ( 644 5 ) : 4 68 ] . 

AUTHOR: Peunova N; Enikolopov G 

CORPORATE SOURCE: Cold Spring Harbor Laboratory, New York 11724. 
SOURCE: NATURE, (1993 Jul 29) 364 (6436) 450-3. 

Journal code: NSC. ISSN: 0028-0836. 
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Journal; Article; (JOURNAL ARTICLE) 
LANGUAGE: English 

FILE SEGMENT: Cancer Journals; Priority Journals 

ENTRY MONTH: 199310 

AB Nitric oxide (NO) is a short-lived, highly reactive gas, which has been 
identified as a mediator in vasodilation, an active agent in macrophage 
cytotoxicity and neurotoxicity, and a neuro-transmitter in the central 



and 



as 



peripheral nervous systems. Production of NO by neurons is critical for 
facilitated synaptic transmission in models of synaptic plasticity such 

long-term potentiation and long-term depression, suggesting a role for NO 
as a retrograde messenger that could complete a hypothetical 
feedback loop by strengthening the connection between 

postsynaptic and presynaptic cells. We report here that although alone NO 

has no evident effect on transcription, it can act as an amplifier 

of calcium signals in neuronal cells. NO and Ca2+ action have to coincide 

in time for amplification to occur. Experiments with a series of 

simplified reporter genes in combination with specific 

recombinant protein kinase inhibitors suggest that induction of gene 

activity following NO-amplified calcium action involves protein 

kinase A-dependent activation of the transcription factor CREB. 
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Tolerance of high levels of wild-type p53 in transformed 
epithelial cells dependent on auto-regulation by mdm-2. 
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Department of Pathology, University of Wales College of 
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A significant proportion of human cancers express high levels of p53 
protein in the absence of an underlying mutation in the gene. Using 
transformed (Vhl) and non-transformed (FRTL-5) rat thyroid epithelial 



AUTHOR: 
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SOURCE : 
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LANGUAGE : 
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ENTRY WEEK: 
AB 



m 



lines as a model, we have examined the mechanisms by which high levels of 
wild-type p53 may be tolerated. Stable transfection with p53-dependent 
reporter constructs demonstrated that the 'excess' 

wild-type p53 in Vhl cells is not associated with a comparable increase 

p53-dependent transcription (though the response to u.v. irradiation is 
retained) . Mdm-2, which binds p53 and inhibits its transactivation 
activity, is overexpressed in Vhl cells in the absence of gene 
amplification and in a p5\3-dependent manner. Furthermore 

disruption of p53-mdm-2 complex formation in Vhl cells by microinjection 
of an antibody to the p53-binding domain of mdm-2 resulted in a dramatic 
increase in p53-dependent transcription. Since only a small proportion of 
the p53 in Vhl cells was found to be in complex with mdm-2 (the majority 
of unbound protein being in a latent form) , this suggests that mdm-2 
selectively binds a pool of p53 that would otherwise be active as a 
sequence-specific activator of transcription. We suggest that, in some 
types of tumour, the 'sensitivity 1 of the p53-driven mdm-2 
feedback loop may be sufficient to prevent free, active 
p53 reaching the level required for growth arrest or apoptosis, making 
them an ideal target for therapies designed to disrupt p53-mdm-2 
interactions . 
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in 

vertebrates . 
structures 

that direct patterning of the limb. FGF4 is produced in the apical 
ectodermal ridge (AER) where it is hypothesized to provide mitogenic and 
morphogenic signals to the underlying mesenchyme that regulate normal 

limb 



English 

Priority Journals 
200006 
20000602 

Fibroblast growth factors (FGFs) mediate multiple developmental signals 
Several of these factors are expressed in limb bud 



development. Mutati<^^>f this gene in the germline office results in 
early embryonic letlSRty, preventing subsequent evaluation of Fgf4 
function in the AER. A conditional mutant of Fgf4, based on site-specific 
Cre/loxP-mediated excision of the gene, allowed us to bypass embryonic 
lethality and directly test the role of FGF4 during limb development in 
living murine embryos. This conditional mutation was designed so that 
concomitant with inactivation of the Fgf4 gene by excision of all 
Fgf4-coding sequences, a reporter gene was activated in 
Fgf 4-expressing cells, allowing assessment of the site-specific 
recombination reaction. Although a large body of evidence led us to 
predict that ablation of Fgf4 gene function in the AER of developing mice 
would result in abnormal limb outgrowth and patterning, we found that 

Fgf4 

conditional mutants had normal limbs. Furthermore, expression patterns of 
Shh, Bmp2, Fgf 8 and Fgf 10 were normal in the limb buds of the conditional 
mutants. These findings indicate that the previously proposed FGF4-SHH 
feedback loop is not essential for coordination of 

murine limb outgrowth and patterning. We suggest that some of the roles 
currently attributed to FGF4 during early vertebrate limb development may 
be performed by other AER factors in vivo. 
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Essentiality of intron control in the induction of c-fos 

glucose and glucoincretin peptides in INS-1 beta-cells. 
Susini, Stefan; Van Haasteren, Goedele (1); Li, Senlin; 
Prentki, Marc; Schlegel, Werner 

(1) Fondation pour Recherches Medicales, University of 



Gene^^64 Avenue de la Roseraie, 121^P6eneva Switzerland 
SOURCE: FASEB^burnal, (Jan., 2000) Vol. 14, No. 1, pp. 128-136. 

ISSN: 0892-6638. 
DOCUMENT TYPE: Article 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB Glucose controls long-term processes in the pancreatic beta-cell such as 
metabolic enzymes gene expression, cell growth, and apoptosis. Such 
control is likely mediated via the expression of immediate-early response 
genes since several of these genes including c-fos are strongly induced 



by 



of 



glucose in the beta-cell line INS-1, provided costimulation with 
cAMP-raising glucoincretin hormones. This study addresses the mechanism 



c-fos gene activation by glucose. Glucose in the presence of 
chlorophenylthio-cAMP generated a low threefold induction of the 
c-fos/basic luciferase reporter gene, which includes only the c-fos 
promoter. In contrast, the c-fos/intron construct containing the first 
intron in addition to promoter elements showed a pronounced 16-fold 
induction, comparable to the increased c-fos mRNA accumulation. Similar 
observations were made with glucose in combination with the 
glucoincretins 

glucagon-like peptide 1, glucose-dependent insulinotropic polypeptide, 



and 



the 



pituitary adenylyl cyclase-activating peptide 38. Deletion of a 
119 bp region in intron 1 that includes a transcriptional arrest site did 
not affect the inductive process. In contrast, a 534 bp deletion 
comprising a major part of the intron reduced the induction by 75%. At 



promoter level, mutating the cAMP response element reduced by more than 
60% the transcriptional activation whereas mutating the serum response 
element had no effect. Inhibitors of protein kinase A and 
Ca2+/calmodulin-dependent protein kinases each reduced by 50% the 
reporter 

gene activation and together fully prevented the glucose-glucoincretin 
effect. In conclusion, the strong induction of c-fos by glucose and 
glucoincretins results from Ca2+ and cAMP signaling pathways addressing 
both the CRE in the promoter and essential response element (s) 
in the first intron that are unrelated to the transcription arrest site. 
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TITLE: Essentiality of intron control in the induction of c-fos 
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glucose and glucoincretin peptides in INS-1 beta-cells. 
AUTHOR: Susini S; Van Haasteren G; Li S; Prentki M; Schlegel W 
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1211 Geneva, Switzerland. 
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Journal; Article; (JOURNAL ARTICLE) 
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FILE SEGMENT: Priority Journals; Cancer Journals 
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AB Glucose controls long-term processes in the pancreatic beta-cell such as 
metabolic enzymes gene expression, cell growth, and apoptosis. Such 
control is likely mediated via the expression of immediate-early response 
genes since several of these genes including c-fos are strongly induced 



by 



of 



glucose in the beta-cell line INS-1, provided costimulation with 
cAMP-raising glucoincretin hormones. This study addresses the mechanism 



c-fos gene activation by glucose. Glucose in the presence of 
chlorophenylthio-cAMP generated a low threefold induction of the 
c-fos/basic luciferase reporter gene, which includes only the 
c-fos promoter. In contrast, the c-fos/intron construct containing the 
first intron in addition to promoter elements showed a pronounced 16-fold 
induction, comparable to the increased c-fos mRNA accumulation. Similar 
observations were made with glucose in combination with the 
glucoincretins 

glucagon-like peptide 1, glucose-dependent insulinotropic polypeptide, 



and 



the 



pituitary adenylyl cyclase-activating peptide 38. Deletion of a 
119 bp region in intron 1 that includes a transcriptional arrest site did 
not affect the inductive process. In contrast, a 534 bp deletion 
comprising a major part of the intron reduced the induction by 75%. At 

promoter level, mutating the cAMP response element reduced by more than 
60% the transcriptional activation whereas mutating the serum response 
element had no effect. Inhibitors of protein kinase A and 
Ca (2+) /calmodulin-dependent protein kinases each reduced by 50% the 
reporter gene activation and together fully prevented the 



c-f OS 



glucose-glucoincretj^pffect. In conclusion, the str<^^ induction of 

by glucose and glucoincretins results from Ca(2+) and cAMP signaling 
pathways addressing both the CRE in the promoter and essential 
response element (s) in the first intron that are unrelated to the 
transcription arrest site. 
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Dual intracellular signaling pathways mediated by the 
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Fur G; Ferrara P; Shire D 

Sanofi Recherche, Centre de Lab % ege, France. 
EUROPEAN JOURNAL OF PHARMACOLOGY, {1999 Jun 25) 374 (3) 
445-55. 

Journal code: EN6 . ISSN: 0014-2999. 
Netherlands 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199911 

It has long been established that the cannabinoid CB1 receptor transduces 
signals through a pertussis toxin-sensitive Gi/Go inhibitory pathway. 
Although there have been reports that the cannabinoid CB1 receptor can 
also mediate an increase in cyclic AMP levels, in most cases the presence 
of an adenylyl cyclase costimulant or the use of very high 
amounts of agonist was necessary. Here, we present evidence for dual 
coupling of the cannabinoid CB receptor to the classical pathway and to a 
pertussis toxin-insensitive adenylyl cyclase stimulatory pathway 
initiated with low quantities of agonist in the absence of any 
costimulant. Treatment of Chinese hamster ovary (CHO) cells expressing 

cannabinoid CB1 receptor with the cannabinoid CP 55,940, 
{ (-) -cis-3- [2-hydroxy-4- (1, 1-dimethylheptyl ) phenyl] -trans-4- ( 3-hyd 
roxypropyl) cyclohexan-l-ol } resulted in cyclic AMP accumulation in a 
dose-response manner, an accumulation blocked by the cannabinoid CB1 
receptor-specific antagonist SR 141716A, {N- (piperidin-l-yl ) -5- (4- 
chlorophenyl) -1- (2, 4-dichlorophenyl ) -4-me thyl-lH-pyrazole-3-carboxamide 
hydrochloride}. In CHO cells coexpressing the cannabinoid CB1 receptor 



a cyclic AMP response element (CRE) -lucif erase reporter 

gene system, CP 55,940 induced luciferase expression by a pathway blocked 
by the protein kinase A inhibitor N- [2- (p-bromocinnamylamino) ethyl] -5- 
isoquinolinesulfonamide hydrochloride (H-89) . Under the same conditions 
the peripheral cannabinoid CB2 receptor proved to be incapable of 
inducing 

cAMP accumulation or luciferase activity. This incapacity allowed us to 
study the luciferase activation mediated by CB /CB2 chimeric constructs, 
from which we determined that the first and second internal loop regions 
of the cannabinoid CB1 receptor were involved in transducing the pathway 
leading to luciferase gene expression. 
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Forskolin inhibits cyclin Dl expression in cultured airway 
smooth-muscle cells. 
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G; Hershenson M B 

Department of Pediatrics, University of Chicago, Illinois, 
USA. 
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their combined ef f e^^ on the mutant CRE were examinl^^ Deletion 
analysis indicated Wt sequences between -244 and -195 bp were involved 
in mediating the response to PACAP, with a dramatic reduction in 
fold-stimulation by PACAP (2.0-fold) of the -195-bp construct, compared 
with the -244-bp construct (15.8-fold). Constructs containing only 
upstream alpha-promoter sequences from -517 bp to -98 bp, fused to the 
heterologous thymidine kinase promoter, exhibited a similar loss of 
responsiveness to PACAP below -298 bp. Thus, our studies show that, 
unlike 

GnRH, PACAP stimulation of alpha-subunit gene transcription in alphaT3-l 
cells is less dependent on changes in intracellular calcium 
concentration; 

and full transcriptional activation of the alpha-subunit by PACAP 
requires 

an intact CRE. PACAP responsiveness involves sequences between 
-244 and -195 bp of the alpha-promoter. These sequences have been 
implicated also in GnRH-responsiveness and may thus provide a mechanism 
for coordinated regulation of the alpha-subunit gene by PACAP and GnRH in 
alphaT3-l cells. 
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AB Pituitary adenylyl cyclase-activating polypeptide (PACAP) is a 

potent endogenous secretagogue for chromaffin cells. Chromogranin A is 



the 



the 



major soluble core component in secretory vesicles. Since chromogranin A 
is secreted along with catecholamines, we asked whether PACAP regulates 
expression of the chromogranin A gene in PC12 rat chromaffin cells, so as 
to resynthesize the just-secreted protein, and whether such biosynthetic 
regulation is coupled mechanistically to catecholamine secretion. PACAP 
activated the endogenous chromogranin A gene by four- to fivefold. 
Proportional results (seven- to eightfold activation) were obtained with 

transfected 1,200-bp mouse chromogranin A promoter/lucif erase 

reporter construct. A series of chromogranin A promoter 5 1 

deletion mutant/lucif erase reporter constructs narrowed down the 

PACAP response element to a proximal region containing the cAMP response 

element (CRE box), at (-71 bp) 5 1 -TGACGTAA-3 ' (-64 bp). 

Site-directed point mutations of the CRE site suppressed 

PACAP-induced trans-activation of the promoter. Thus, the proximal 

CRE box is entirely necessary for the chromogranin A promoter 

response to PACAP. Transfer of the CRE box to a neutral, 

heterologous promoter also conferred activation by PACAP, suggesting that 
the CRE domain is also sufficient to mediate the transcriptional 
response to PACAP. Expression of a dominant-negative mutant (KCREB) of 

CRE-binding factor CREB markedly diminished trans-activation of 
the chromogranin A promoter by PACAP. Cotransf ection of expression 
plasmids encoding the protein kinase A inhibitor, or an inactive protein 
kinase A (PKA) catalytic beta subunit, inhibited both forskolin and PACAP 



activation of chromo^^nin A transcription, reveal ing^PPat PACAP- induced 
trans-activation is ^^hly dependent on PKA. By contrast, inhibition of 
protein kinase C (by chronic exposure to phorbol ester) had no effect on 
transcriptional activation by PACAP. The potent PACAP/vasoactive 
intestinal peptide (VIP) type I receptor antagonist PACAP 6- 3 8 impaired 
both chromogranin A transcription or catecholamine secretion triggered by 
PACAP38, while the PACAP/VIP type II receptor antagonist 
(p-Chloro-D-Phe6, 

Leul7)-VIP had little or no ability to antagonize the PACAP 3 8 effect. The 
agonist VIP was approximately 100- to 1,000-fold less potent than PACAP 

in 

stimulating either secretion or transcription. Thus, PACAP-evoked 
chromogranin A transcription and catecholamine secretion are likely 
mediated by the PACAP/VIP type I receptor isoform. Although the calcium 
channel antagonists Zn2+ (100 microM) , nifedipine (10 microM), or 
ruthenium red (10 microM), or the cytosolic calcium chelator BAPTA-AM (50 
microM) each strongly impaired PACAP-induced secretion, transcriptional 
activation of chromogranin A remained unaltered. Therefore, we propose 
that PACAP signals to chromogranin A transcription through the CRE 
in cis, and through PKA and CREB in trans. By contrast, a pathway 
involving cytosolic calcium entry through L-type voltage-dependent 
channels is required for PACAP to evoke catecholamine secretion. 
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AB Macrophage migration-inhibitory factor (MIF) has recently been identified 
as a pituitary hormone that functions as a counterregulatory modulator of 
glucocorticoid action within the immune system. In the anterior pituitary 
gland, MIF is expressed in TSH- and ACTH-producing cells, and its 
secretion is induced by CRF. To investigate MIF function and regulation 
within pituitary cells, we initiated the characterization of the MIF 
5' -regulatory region of the gene. The -1033 to +63 bp of the murine MIF 
promoter was cloned 5' to a lucif erase reporter gene and 
transiently transfected into freshly isolated rat anterior pituitary 
cells. This construct drove high basal transcriptional activity that was 
further enhanced after stimulation with CRF or with an activator of 
adenylate cyclase. These transcriptional effects were associated 
with a concomitant rise in ACTH secretion in the transfected cells and by 
an increase in MIF gene expression as assessed by Northern blot analysis. 
A cAMP-responsive element (CRE) was identified within the MIF 
promoter region which, once mutated, abolished the cAMP responsiveness of 
the gene. Using this newly identified CRE, DNA-binding activity 
was detected by gel retardation assay in nuclear extracts prepared from 
isolated anterior pituitary cells and AtT-20 corticotrope tumor cells. 
Supershift experiments using antibodies against the CRE-binding 
protein CREB, together with competition assays and the use of recombinant 
CREB, allowed the detection of CREB-binding activity with the identified 
MIF CRE. These data demonstrate that CREB is the mediator of the 
CRF-induced MIF gene transcription in pituitary cells through an 
identified CRE in the proximal region of the MIF promoter. 



that 



promoter, we report At HHV-6 can efficiently transaMvate such genetic 
elements. Activatiorf^ the CD4 promoter occurs in the presence of the 
viral DNA polymerase inhibitor phosphonof ormic acid, which limits 
expression to the immediate-early and early classes of viral genes. Using 
deletion mutants and specific CD4 promoter mutants, we identified an ATF/ 
CRE binding site located at nucleotides -67 to -60 upstream of the 
CD4 gene transcription start site that is important for HHV-6 
transactivation. The ATF/ CRE site is also essential for CD4 
promoter activation by forskolin, an activator of adenylate 
cyclase. Using electrophoretic mobility shift assays and specific 
antibodies, we showed that CREB-1 binds specifically to the -79 to -52 
region of the CD4 promoter. Last, we have identified two open reading 
frames (ORFs) of HHV-6, U86 and U89 from the immediate-early locus A, 

can transactivate the CD4 promoter in HeLa cells. However, 
transactivation 

of the CD4 promoter by ORFs U8 6 and U89 is independent of the CRE 
element, suggesting that additional HHV-6 ORFs are likely to contribute 

to 

CD4 gene activation. Taken together, our results will help to understand 
the complex interactions occurring between HHV-6 and the CD4 promoter and 
provide additional information regarding the class of transcription 
factors involved in the control of CD4 gene expression. 
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AB Pituitary adenylate cyclase activating polypeptide (PACAP) has 

been shown to increase glycoprotein hormone alpha-subunit synthesis and 
release from pituitary cells. We have used alphaT3-l clonal gonadotropes 
to investigate the intracellular mechanisms involved in PACAP regulation 
of alpha-subunit gene transcription; and using deletion, mutation, and 
heterologous constructs of the alpha-promoter linked to a luciferase 
reporter gene, we have defined DNA sequences responsive to PACAP. 
Stimulation of alphaT3-l cells for 24 h with PACAP, GnRH, or vasoactive 
intestinal peptide (VIP) resulted in a time- and concentration-dependent 
increase in alpha-promoter transcription at 100 nM for GnRH (17.5-fold, P 
< 0.001), PACAP (12.7-fold, P < 0.01), and VIP (4.1-fold, P < 0.05). 
Incubation of alphaT3-l cells in calcium-depleted medium suggested that 
the transcriptional response to PACAP was less dependent on changes in 
intracellular calcium concentration, in contrast to the results seen with 
GnRH or VIP, where alpha-subunit transcription was significantly reduced. 
Transfection of an alpha-promoter construct containing a mutant cAMP 
response element (CRE) suggested that the CRE region 

is involved in PACAP and VIP responsiveness, with stimulatory effects on 
the mutant construct by PACAP (11.1-fold) and VIP (7.6-fold) being 
significantly (P < 0.001) reduced, compared with their stimulatory 
effects 

(PACAP: 25.6-fold, VIP: 23.1-fold) on the native alpha-promoter. In the 
same experiment, the transcriptional response of the mutant CRE 
construct and the native CRE construct to GnRH was not 
significantly different. Both PACAP and VIP enhanced GnRH-stimulated 
alpha-subunit gene transcription, but this additive effect was lost when 
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Accumulation of intracellular cyclic adenosine monophosphate (cAMP) has 
been shown to inhibit the growth of cultured airway smooth-muscle cells, 
but the precise mechanism underlying the antimitogenic action of cAMP in 
these cells is unknown. We examined the effects of forskolin, an 
activator 

of adenylate cyclase, on DNA synthesis, cyclin Dl expression, 
and cAMP response element-binding protein (CREB) phosphorylation and DNA 
binding in bovine tracheal myocytes. DNA synthesis was assessed by 
measurement of [ 3H] thymidine incorporation. Cyclin Dl protein abundance 
and CREB phosphorylation were assessed by immunoblotting. Cyclin Dl 
promoter transcriptional activation was determined by measurement of 
luciferase activity in cells transiently cotransf ected with complementary 
DNAs encoding the full-length cyclin Dl promoter subcloned into a 
luciferase reporter and beta-galactosidase (to normalize for 
transfection efficiency) . The binding of nuclear proteins to the cyclin 



Dl 



of 



CREB. 



promoter cAMP response element (CRE) was determined by 

electrophoretic mobility shift assay. We found that forskolin attenuated 
platelet-derived growth factor-induced DNA synthesis in a 
concentration-dependent manner. In addition, forskolin pretreatment 
decreased both cyclin Dl promoter activity and protein levels. Forskolin 
treatment induced the phosphorylation of CREB and increased the binding 

nuclear protein to the cyclin Dl promoter CRE. Finally, addition 
of an antibody against CREB1 induced supershift of at least one 
protein-DNA complex. Together, these data suggest that cAMP suppresses 
cyclin Dl gene expression via phosphorylation and transactivation of 

Further studies are needed to determine whether this is the primary 
mechanism of cAMP-induced growth inhibition, or whether additional 
pathways are also involved. 
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The observation that human herpesvirus 6 (HHV-6) can induce CD4 gene 
transcription and expression in CD4 (-) cells was reported several years 
ago (P. Lusso, A. De Maria, M. Malnati, F. Lori, S. E. DeRocco, M. 
Baseler, and R. C. Gallo, Nature 349:533-535, 1991) and subsequently 
confirmed (P. Lusso, M. S. Malnati, A. Garzino-Demo, R. W. Crowley, E. O. 
Long, and R. C. Gallo, Nature 362:458-462, 1993; G. Furlini, M. Vignoli, 
E. Ramazzotti, M. C. Re, G. Visani, and M. LaPlaca, Blood 87:4737-4745, 
1996) . Our objective was to identify the mechanisms underlying such 
phenomena. Using reporter gene constructs driven by the CD4 
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AB The effects of the pituitary adenylase cyclate-activating peptides 
(PACAP) 

27 and 38 on proenkephalin ( PENK) gene transcription were examined in 



PC12 



These 



(rat pheochromocytoma) cells using transient transfection assays. Both 

ligands stimulated PENK gene transcription in a dose-dependent manner, 

with an apparent ED50 close to 5 x 10 (-11) M. Inactivation of cAMP 

dependent-protein kinase (PKA) with a dominant inhibitory mutant strongly 

reduced PACAP-stimulated PENK transcription. Using reporter 

genes driven by either the minimal TPA-responsive element (TRE: TGACTCA) 

or cAMP-responsive element (CRE: TGACGTCA) , we showed that the 

two PACAPs activate transcription through both regulatory sequences. 



CREB 



effects could result from direct post-translational activation of Jun and 
CREB, as shown using GAL4-Jun or GAL4-CREB fusion proteins. Expression of 
a dominant inhibitory mutant of CREB decreased by 60% the response to 
PACAP, suggesting that CREB is implicated in PENK transact ivation . 
Similarly, expression of c-fos antisense RNA reduced by 80% the 
stimulatory effects of PACAP. Taken together, these results indicate that 
PACAP stimulates PENK transcription by members of both the API and the 
CREB families. However, API by itself is not sufficient to increase PENK 
transcription, as insulin-like growth factor 1 (IGF1), which stimulates 
API activity but not cAMP production, is unable to stimulate PENK 
transcription. These results indicate a cooperative effect of API and 



on PENK transcription. 



L29 ANSWER 9 OF 20 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR: 



CORPORATE SOURCE: 



DUPLICATE 9 



MEDLINE 



AMP- 
in 



serum- and 



SOURCE : 



PUB. COUNTRY 

LANGUAGE : 
FILE SEGMENT 
ENTRY MONTH: 
AB 



MEDLINE 
1998368775 
98368775 

Parathyroid hormone responses of cyclic 
phorbol ester-responsive reporter genes 
osteoblast-like UMR-106 cells. 
Fluhmann B; Zimmermann U; Muff R; Bilbe G; Fischer J A; 
Born W 

Research Laboratory for Calcium Metabolism, 
Orthopedic Surgery, Zurich, Switzerland. 
MOLECULAR AND CELLULAR ENDOCRINOLOGY, (1998 Apr 30) 
(1-2) 89-98. 

ISSN: 0303-7207. 



Department of 



139 



Journal code: E69 
Ireland 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199812 

Parathyroid hormone (PTH) and PTH-related protein interact with a G 
protein-coupled receptor linked to the activation of adenylyl 
cyclase and phospholipase C signaling pathways. Regulation by PTH 
of the expression of three distinct, stably transfected luciferase 
reporter genes responsive to cAMP (CRE-luc) , serum 



(SRE-luc) and phorbc^^ster (TRE-luc) has been studie'SPln rat 

osteoblast-like UMR-W6 cells. Maximal 4 3-fold induction of CRE 
-luc expression occurred in response to 100 nM rat (r)PTH(l-34) 
(EC50=0. 44 

nM) , but SRE-luc and TRE-luc remained unaffected. Maximal 2.8- and 
3.4-fold inductions of SRE-luc by 10 ng/ml EGF and 100 nM phorbol ester 
(PMA) were suppressed with 100 nM rPTH(l-34) (IC50=0.04 and 0.15 nM, 
respectively). Similarly, 7.3-fold induction of TRE-luc by 100 nM PMA was 
inhibited to 50% with 100 nM rPTH(l-34) (IC50=0.5 nM) . Activation of 
mitogen-activated protein kinase by EGF and PMA was also suppressed by 
rPTH{l-34). 1 mM 8-Br-cAMP and 0.1 mM forskolin mimicked all the effects 
of rPTH(l-34). In conclusion, the regulation of target genes by PTH in 
osteoblast-like UMR-106 cells is mediated by the activation of the 
cAMP/protein kinase A signaling pathway. 
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The 5' -flanking region (1.5 kb) of the gene coding for the human 
VIP1/PACAP receptor was isolated, sequenced, and characterized. Transient 
expression of constructs containing sequentially deleted 5 1 -flanking 
sequences of the VIP1/PACAP receptor fused to a luciferase 
reporter gene showed that this sequence was active as a promoter 
in the intestinal cancer cell line, HT-29, expressing endogenous 
VIP1/PACAP receptor. The shortest DNA fragment with significant promoter 
activity encompassed the region from -205 to +76 bp. Deletion of a 
CCAAT-box sequence in the construction corresponding to -173 to +76 bp 
dramatically reduced the promoter activity. The promoter -205 to +76 bp 
has a housekeeping gene structure without TATA-box . It contains GC-rich 
regions characterized by potential Spl and AP2 sites and some potential 
regulatory elements, such as CRE and ATF, and a CCAAT-box 
sequence (-182 to -178) crucial for gene transcription. 
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AB The cis-acting eleme7!Ps of the VIP gene important for basal and 
stimulated 

transcription have been studied by transfection of VIP-reporter 

gene constructs into distinct human neuroblastoma cell lines in which VIP 

transcription is constitutively high, or can be induced to high levels by 

protein kinase stimulation. The 5.2 kb flanking sequence of the VIP gene 

conferring correct basal and inducible VIP gene expression onto a 

reporter gene in these cell lines was systematically deleted to 

define its minimal components. A 425-bp fragment (-4 656 to -4231) fused 

to 

the proximal 1.55 kb of the VIP promoter-enhancer was absolutely required 
for cell-specific basal and inducible transcription. Four additional 
components of the VIP gene were required for full cell-specific 
expression 

driven by the 425 bp TSE (region A). Sequences from -1.55 to -1.37 
(region 

B), -1.37 to -1.28 (region C) , -1.28 to -.094 (region D) , and the 
CRE-containing proximal 94 bp '(region E) were deleted in various 
combinations to demonstrate the specific contributions of each region to 
correct basal and inducible VIP gene expression. Deletion of region B, or 
mutational inactivation of the CRE in region E, resulted in 
constructs with low transcriptional activity in VIP-expressing cell 
lines . 

Deletion of regions B and C together resulted in a gain of 
transcriptional 

activity, but without cell specificity. All five domains of the VIP gene 
were also required for cell-specific induction of VIP gene expression 

with 

phorbol ester. Gelshift analysis of putative regulatory sequences in 
regions A-D suggests that both ubiquitous and neuron-specific 
trans-acting 

proteins participate in VIP gene regulation. 
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AB In this study, the functional role of two cAMP-response elements { 
CRE) in the promoter of the chinook salmon GH gene and their 
interactions with the transcription factor Pit-1 in regulating GH gene 
expression were examined. A chimeric construct of the chloramphenicol 
acetyltransferase (CAT) reporter gene with the CRE 

-containing GH promoter (pGH.CAT) was transiently transfected into 
primary 

cultures of rainbow trout pituitary cells. The expression of CAT activity 

was stimulated by an adenylate cyclase activator forskolin as 

well as a membrane-permeant cAMP analog 8-bromo-cAMP. Furthermore, these 

stimulatory responses were inhibited by a protein kinase A inhibitor H89, 

suggesting that these CREs are functionally coupled to the adenylate 

cyclase-cAMP-protein kinase A cascade. This hypothesis is 

supported by parallel studies using GH4ZR7 cells, a rat pituitary cell 

line stably transfected with dopamine D2 receptors. In this cell line, D2 

receptor activation is known to inhibit adenylate cyclase 



activity and cAMP s^^^esis. Stimulation with a nons^^tive dopamine 
agonist, apomorphine^>r a D2-specific agonist, Lyl71555, suppressed the 
expression of pGH.CAT in GH4ZR7 cells, and this inhibition was blocked by 
simultaneous treatment with forskolin. These results indicate that 
inhibition of the cAMP-dependent pathway reduces the basal promoter 
activity of the CRE-containing pGH.CAT. The functionality of 
these CREs was further confirmed by deletion analysis and site-specific 
mutagenesis. In trout pituitary cells, the cAMP inducibility of pGH.CAT 
was inhibited after deleting the CRE-containing sequence from 
the GH promoter. When the CRE-containing sequence was cloned 
into a CAT construct with a viral thymidine kinase promoter, a 
significant 

elevation of cAMP inducibility was observed. This stimulatory response, 
however, was abolished by mutating the core sequence, CGTCA, in these 
CREs, suggesting that these cis-acting elements confer cAMP inducibility 
to the salmon GH gene. The interactions between CREs and the 
transcription 

factor Pit-1 in mediating GH gene expression were also examined. In HeLa 
cells, a human cervical cancer cell line deficient in Pit-1, both basal 
and cAMP-induced expression of pGH.CAT were apparent only with the 
cotransfection of a Pit-1 expression vector. These results taken together 
indicate that the two CREs in the chinook salmon GH gene are functionally 
associated with the cAMP-dependent pathway and that their promoter 
activity is dependent on the presence of Pit-1 
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AB Nitric oxide (NO) increases cytosolic guanylate cyclase activity 

and thereby activates the cGMP signal transduction pathway. The cAMP and 
Ca2+/phospholipid signal transduction pathways activate transcription 
factors that bind to the cAMP response element (CRE) and phorbol 
ester response element (TRE) , respectively. Little is known about 
transcriptional regulation of gene expression by NO/cGMP. In transient 

and 

stable transfection experiments and in microinjection studies we found 
that three different NO-releasing agents and two membrane-permeable cGMP 
analogs activated TRE-regulated but not CRE-regulated 
reporter genes in rodent fibroblast and epithelial cell lines. 
Activation of TRE-regulated genes by NO-releasing agents and cGMP analogs 
appeared to be mediated by the AP-1 (Jun/Fos) transcription factor 
complex 

because we observed increased DNA binding of AP-1 and increased junB and 
c-fos mRNA in cells treated with these agents. The mechanism of gene 
activation by NO/cGMP was distinct from that used by phorbol esters and 
cAMP because it was not associated with c-jun mRNA induction and was not 
observed with CRE-containing promoters. 
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We have used a luciferase reporter gene under the 
transcriptional control of a cAMP response element (CRE) to 
monitor the effects of G-protein alpha subunits on cAMP-regulated gene 
expression and to examine muscarinic acetylcholine receptor (mAChR) 
functional coupling to G-proteins. Expression in JEG-3 cells of a 
mutationally activated Gi alpha-2 in which glutamine 205 is replaced with 
leucine (Q205L) decreased f orskolin-stimulated expression from the 
CRE-lucif erase gene by up to 75%. Similarly, mutation of glycine 
43 (corresponding to glycine 12 in p21ras) to valine decreased 
f orskolin-stimulated expression from the CRE-lucif erase gene by 
a maximum of 50%, indicating that this mutation activates the G-protein 
and is potentially oncogenic. Transfection of the activated Q205L G(o) 
alpha subunit decreased forskolin stimulation of CRE-lucif erase 
expression. Transfected wild type G(o) alpha was also able to couple the 
m4 mAChR receptor to inhibition of AC. The amino-terminal myristoylation 
site was removed from wild type Gi alpha-2 and Q205L Gi alpha-2 by 
changing glycine 2 to alanine (G2A) . Gi alpha-2 with the G2A and Q205L 
mutations was unable to decrease forskolin stimulation of CRE 
-mediated luciferase activity. Furthermore, G2A Gi alpha-2 was unable to 
couple the m4 mAChR to inhibition of AC. Thus, myristoylation is required 
both for the function of constitutively active Q205L Gi alpha-2 and for 
receptor-mediated activation of wild type Gi alpha-2. 
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We have stably transfected CHO cells that have integrated in their genome 
a reporter gene under the control of promoter sequences 
containing several copies of the cAMP response element, CRE, 
with different human adenosine receptors: Al, A2a and A2b. The new cell 
lines responded to the addition of known adenosine agonists and 
antagonists with changes in the expression of the reporter gene. 
The activity of the reporter gene can be easily monitored by 
bioluminescence . Although adenosine receptors are divergently coupled to 
adenylate cyclase, Al receptors inhibit whereas A2 stimulate, 
changes in gene expression faithfully reflected the negative and positive 
coupling of the receptors. We have used the system to examine the 
pharmacological profile of the human receptors expressed in CHO cells. 
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secretion in corticotropic cells. 
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The biological effects of pituitary adenylate cyclase-activating 
peptide (PACAP) 27 and 38 on peptide secretion and gene regulation were 
studied in the mouse corticotrope-derived cell line AtT20. Treatment of 
these cells with PACAP 27/38 led to a dose-dependent increase in cAMP 
content and ACTH accumulation in the medium with an apparent ED50 value 
close to 10 (-9) M. The genomic effects of PACAP were first investigated 

using a reporter gene containing a cAMP responsive element ( 
CRE: TGACGTCA) PACAP 27/38 stimulate transcription from this 
construction and the effect is further increased when cells are cotreated 
with the phosphodiesterase inhibitor rolipram. Furthermore, we show by 
measuring nuclear heterologous proopiomelanocortin (POMC) RNA levels or 
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using a reporter gene containing the POMC promoter region, that 
PACAP stimulates POMC transcription. This transcriptional stimulation is 
mediated by the cAMP-dependent protein kinase (PKA) since genetic 
inactivation of PKA by a dominant inhibitory mutant of this enzyme 
completely abolished the effect of PACAP on POMC transcription. Finally, 
we show that the transcriptional stimulation of POMC by PACAP is 
repressed 

by the glucocorticoid receptor agonist dexamethasone . Taken together, 
these data suggest that PACAP is a hypophysiotropic hormone that exert 
similar if not identical functions as corticotropin-releasing hormone 
(CRH) on corticotrope cells. 
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thyrotropin beta gene expression. 
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AB The human thyrotropin beta (hTSH beta) gene is inducible 
agents 

including thyrotropin-releasing hormone, phorbol esters, 
cyclase activator forskolin. In this study, we have characterized 
the functional properties of the TGGGTCA motif at -1/+6 of the hTSH beta 
gene that is similar to the consensus phorbol ester response element 

(TRE) 
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or the consensus cy<^H: AMP response element (CRE) . We^suggest 

that both protein kinases C and A as well as TRH share a common mediator 
which recognizes the TGGGTCA element in activating the hTSH beta 
promoter. 

Following stimulation by phorbol esters, forskolin, or TRH, the 
TGGGTCA-speci f ic factor acts together with the pituitary-specific 
transcription factor Pit-1 (or GHF-1) bound to upstream sequences at -128 
to -61 to mediate the induction of the hTSH beta promoter. The induction 
requires that both factors bind to their own binding sites, but Pit-1 
neither increases the binding of the TGGGTCA-speci fic factor to its 
target 

sequences nor associates with this factor to form a heterodimer. The 
TGGGTCA-speci fic factor is present in three cell lines tested and is 
composed of protein (s) immunologically related to c-Jun and c-Fos but not 
to the CRE-binding protein, CREB. By using the hTSH beta 
reporter plasmids in which the TGGGTCA element is converted to 
consensus TRE or CRE motifs, we found that, within the context 
of the hTSH beta promoter, the TGGGTCA element is a more potent TRE or 
CRE than the consensus TRE or CRE sequences. Based upon 
the results of this study, we propose a model in which the 
TGGGTCA-speci fic AP-l-like factor functionally cooperates with the 
tissue-specific factor Pit-1 to activate the hTSH beta gene. 
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AB PURPOSE. Agents that increase intracellular levels of cAMP mediate gene 
expression associated with cellular morphology, growth, and/or 
differentiation via the cAMP response element (CRE) . The cAMP 
element binding protein (CREB) is a transcriptional activator that binds 
and stimulates gene expression from the CRE in the promoters of 
cAMP responsive genes. This study was designed to characterize the cyclic 
AMP (cAMP) transcription apparatus in bovine corneal endothelial cells 
(BCE) . METHODS. CRE transcriptional activity was determined by 
transient transfection assays using the CRE-chloramphenicol 
acetyl transferase gene (CRE -CAT) fusion reporter 

construct. Western blot analyses were performed to determine whether CREB 
was present in BCE. Mobility shift DNA-binding assay using gel 
electrophoresis and DNase I protection assays were performed to exclude 
the possibility of other CRE-binding factors. RESULTS. The 
authors identified the transcription factor, CREB, in nuclear extracts 
from BCE by Western blot analysis and showed that its DNA-binding 
characteristics are identical to the previously characterized CREB 
protein 

by DNase I protection and mobility shift DNA-binding studies. Transient 

transfection studies using the CRE-CAT reporter 

constructs revealed that the beta-adrenergic receptor agonist, 

isoproterenol, stimulates gene expression to levels similar to those 

induced by forskolin, a direct activator of adenylate cyclase 

(6.0- and 7.2-fold, respectively). CONCLUSIONS. The results suggest that 

agents that modulate receptors coupled to adenylate cyclase may 

effect the corneal endothelium by altering gene expression through the 

second messenger, cAMP. 
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Functional testing of human dopamine Dl and D5 receptors 
expressed in stable cAMP-responsive luciferase 
reporter cell lines. 

Himmler A; Stratowa C; Czernilofsky A P 
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A large number of G-protein coupled receptors are known to modulate 
adenylyl cyclase activity. In order to find new compounds 
modulating the activity of specific receptor subtypes we developed a 
cellular screening system that measures the biological activity of drugs 
acting on receptors rather than merely their binding characteristics. The 
activity of the receptor coupling to the cAMP signal transduction pathway 
was measured via transcriptional activation of a reporter gene. 
A Chinese hamster ovary cell line was stably transformed with a 
reporter plasmid containing the firefly luciferase gene under the 
transcriptional control of multiple cAMP responsive elements (CRE 
) . This CRE reporter cell line exhibited 20 to 30-fold 
induction of luciferase activity upon stimulation of adenylyl 
cyclase with forskolin, but did not respond to dopamine agonists. 
Stable test cell lines were developed by transfecting reporter 
cell lines with human dopamine Dl and D5 receptor genes, respectively. 
Treatment of these test cell lines with dopamine receptor agonists and 
antagonists modulated the luciferase expression in a dose-dependent 
manner. The rank of potency of dopamine receptor agonists and antagonists 
was in agreement with reported data obtained from binding studies. The 
non-isotopic assay can be performed in microtiter plate format and is far 
less work intensive than the determination of adenylyl cyclase 
activity by direct cAMP measurement. This technology could also be 
utilized for discovery of new classes of compounds, e.g. allosteric 
effectors or non competitive ligands. 
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Inhibin gene expression in the ovary is stimulated by FSH, which uses 

as an intracellular second messenger. To examine further the 
transcriptional regulation of the alpha inhibin gene by FSH and cAMP, we 
have isolated and characterized a genomic clone that contains the entire 
rat alpha inhibin gene. Sequence analysis of the alpha inhibin promoter 



region revealed sev^H. potential cAMP response elemerffs (CREs) and 
transcription f actorAP2-binding sites that might mediate cAMP 
regulation . 

To determine the functional importance of these sequences, fusion genes 
including the alpha inhibin 5 f flanking region linked to a lucif erase 
reporter gene were transiently transfected into primary granulosa 
cells isolated from immature rats. These fusion genes were both expressed 
and regulated by the adenylyl cyclase activator forskolin in 
transfected granulosa cells. Analysis of a series of 5' deletion mutants 
indicated that a construct containing as little as 170 basepairs 
up-stream 

of the alpha inhibin start site, which includes a single imperfect 
CRE and no AP2 sites, was regulated by forskolin. DNAse 
footprinting was used to demonstrate that bacterially expressed 
CRE-binding protein (CREB) binds to this CRE located 122 

basepairs up-stream of the alpha inhibin gene transcriptional start site. 
To investigate further the role of this CRE in alpha inhibin 
gene expression, site-specific mutagenesis of the CRE was 
performed. The alpha inhibin promoter containing a mutated CRE 
was not regulated by forskolin in granulosa cells and did not bind the 
CREB protein. Interestingly, mutation of the CRE also 
substantially reduced basal expression of the alpha inhibin promoter. 
Lastly, a gel mobility shift assay was used to examine CRE 
-binding proteins from granulosa cell extracts. Granulosa cells contain a 
protein that specifically interacts with CRE-containing 
oligonucleotides or with the alpha inhibin promoter and that is 
recognized 

by antibodies against the CREB protein. Our results suggest that CREB or 
related transcription factors play an important role in both basal and 
cAMP-regulated expression of the alpha inhibin gene in ovarian granulosa 
cells . 
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In Madin-Darby canine kidney Dl cells extracellular nucleotides activate 
P2Y receptors that couple to several signal transduction pathways, 
including stimulation of multiple phospholipases and adenylyl cyclase. 

one class of P2Y receptors, P2Y2 receptors, this stimulation of adenylyl 
cyclase and increase in cAMP occurs via the conversion of phospholipase 



(PLA2) -generated arachidonic acid (AA) to prostaglandins (e.g. PGE2) . 
These prostaglandins then stimulate adenylyl cyclase activity, presumably 
via activation of prostanoid receptors. In the current study we show that 
agents that increase cellular cAMP levels (including PGE2, forskolin, and 
the beta-adrenergic agonist isoproterenol) can inhibit P2Y 
receptor-promoted AA release. The protein kinase A (PKA) 
inhibitor H89 blocks this effect, suggesting that this feedback 
inhibition 

occurs via activation of PKA. Studies with PGE2 indicate that 



inhibition of AA re^^^e is attributable to inhibit ioir^bf 
mitogen-activated protein kinase activity and in turn of P2Y receptor 
stimulated PLA2 activity. Although cAMP/PKA-mediated inhibition 
occurs for P2Y receptor-promoted AA release, we did not find such 
inhibition for epinephrine (alphal-adrenergic) or bradykinin-mediated AA 
release. Taken together, these results indicate that negative feedback 
regulation via cAMP/PKA-mediated inhibition of mitogen-activated 
protein kinase occurs for some, but not all, classes of receptors that 
promote PLA2 activation and AA release. We speculate that 
receptor-selective feedback inhibition occurs because PLA2 activation by 
different receptors in Madin-Darby canine kidney Dl cells involves the 
utilization of different signaling components that are differentially 
sensitive to increases in cAMP or, alternatively, because of 
compartmentation of signaling components. 
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In Madin-Darby canine kidney Dl cells extracellular nucleotides activate 
P2Y receptors that couple to several signal transduction pathways, 
including stimulation of multiple phospholipases and adenylyl cyclase. 



one class of P2Y receptors, P2Y2 receptors, this stimulation of adenylyl 
cyclase and increase in cAMP occurs via the conversion of phospholipase 



(PLA2) -generated arachidonic acid (AA) to prostaglandins (e.g. PGE2) . 
These prostaglandins then stimulate adenylyl cyclase activity, presumably 
via activation of prostanoid receptors. In the current study we show that 
agents that increase cellular cAMP levels (including PGE2, forskolin, and 
the beta-adrenergic agonist isoproterenol) can inhibit P2Y 
receptor-promoted AA release. The protein kinase A (PKA) 
inhibitor H89 blocks this effect, suggesting that this feedback 
inhibition 

occurs via activation of PKA. Studies with PGE2 indicate that 
inhibition of AA release is attributable to inhibition of 
mitogen-activated protein kinase activity and in turn of P2Y receptor 
stimulated PLA2 activity. Although cAMP/PKA-mediated inhibition 



occurs for P2Y recejj^^--promoted AA release, we did noT find such 
inhibition for epinephrine (alphal-adrenergic) or bradykinin-mediated AA 
release. Taken together, these results indicate that negative feedback 
regulation via cAMP/PKA-mediated inhibition of mitogen-activated 
protein kinase occurs for some, but not all, classes of receptors that 
promote PLA2 activation and AA release. We speculate that 
receptor-selective feedback inhibition occurs because PLA2 activation by 
different receptors in Madin-Darby canine kidney Dl cells involves the 
utilization of different signaling components that are differentially 
sensitive to increases in cAMP or, alternatively, because of 
compartmentation of signaling components. 
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Role of PKA in the timing of developmental events 
in Dictyostelium cells. 
Loomis W F 

Center for Molecular Genetics, Department of Biology, 
University of California San Diego, La Jolla, California 
92093, USA.. wloomis@UCSD.edu 
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MICROBIOLOGY AND MOLECULAR BIOLOGY REVIEWS, (1998 Sep) 62 
(3) 684-94. Ref: 120 
Journal code: CSO. ISSN: 1092-2172. 
United States 
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199812 
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The cyclic AMP (cAMP) -dependent protein kinase, PKA, is 
dispensable for growth of Dictyostelium cells but plays a variety of 
crucial roles in development. The catalytic subunit of PKA is 
inhibited when associated with its regulatory subunit but is activated 
when cAMP binds to the regulatory subunit. Deletion of pkaR or 
overexpression of the gene encoding the catalytic subunit, pkaC, results 
in constitutive activity. Development is independent of cAMP in strains 
carrying these genetic alterations and proceeds rapidly to the formation 
of both spores and stalk cells. However, morphogenesis is aberrant in 
these mutants. In the wild type, PKA activity functions in a 
circuit that can spontaneously generate pulses of cAMP necessary for 
long-range aggregation. It is also essential for transcriptional 
activation of both prespore and prestalk genes during the slug stage. 
During culmination, PKA functions in both prespore and prestalk 
cells to regulate the relative timing of terminal differentiation. A 
positive feedback loop results in the rapid release of 

a signal peptide, SDF-2, when prestalk cells are exposed to low levels of 
SDF-2. The signal transduction pathway that mediates the response to 

in both prestalk and prespore cells involves the two-component system of 
DhkA and RegA. When the cAMP phosphodiesterase RegA is inhibited, cAMP 
accumulates and activates PKA, leading to vacuolation of stalk 
cells and encapsulation of spores. These studies indicate that multiple 
inputs regulate PKA activity to control the relative timing of 
differentiations in Dictyostelium. 



L33 ANSWER 3 OF 9 MEDLINE 



DUPLICATE 2 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR: 

CORPORATE SOURCE: 
SOURCE: 



1998260039 MEDLINE 
98260039 

Coupling gene expression to cAMP signalling: role of CREB 
and CREM. 
Sassone-Corsi P 

Institut de Genetique et de Biologie Moleculaire et 
Cellulaire, Illkirch, C.U. de Strasbourg, France. 
INTERNATIONAL JOURNAL OF BIOCHEMISTRY AND CELL BIOLOGY, 
(1998 Jan) 30 (1) 27-38. Ref: 57 
Journal code: CDK. ISSN: 1357-2725. 



4 



PUB. COUNTRY: ENGL^M United Kingdom 

Journal; Article; ( JOURNAL ARTICLE) 
General Review; (REVIEW) 
(REVIEW, TUTORIAL) 
LANGUAGE: English 
FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199809 
ENTRY WEEK: 19980903 

AB Several endocrine and neuronal functions are governed by the 

cAMP-dependent pathway. Transcriptional regulation upon stimulation of 
this pathway is mediated by a family of cAMP-responsive nuclear factors. 
This family consists of a large number of members, which may act as 
activators or repressors. These factors contain the basic domain/leucine 
zipper motifs and bind as dimers to cAMP-response elements (CRE) . 
CRE-binding protein (CREBs) function is modulated by phosphorylation by 
several kinases. Direct activation of gene expression by CREB requires 
phosphorylation by the cAMP-dependent PKA to serine 133. Among 
the repressors, ICER (Inducible cAMP Early Repressor) deserves special 
mention. ICER is generated from an alternative CREM promoter and is the 
only inducible CRE-binding protein. ICER negatively autoregulates the 
alternative promoter, generating a feedback loop. ICER 

expression is tissue specific and developmentally regulated. The kinetics 
of ICER expression are characteristic of an early response gene. CREM 
plays a key physiological and developmental role within the 
hypothalamic-pituitary-gonadal axis. The transcriptional activator CREM 

is 

highly expressed in postmeiotic cells. The role of CREM in spermiogenesis 
was addressed using CREM knock-out mice. Spermatogenesis stops at the 
first step of spermiogenesis in the mutants and there is a significant 
increase in apoptotic germ cells. This phenotype is reminiscent of cases 
of human infertility. ICER is regulated in a circadian manner in the 
pineal gland, the site of the hormone melatonin production. This 
night-day 

oscillation is driven by the endogenous clock (located in the 
suprachiasmatic nucleus) . The synthesis of melatonin is regulated by a 
rate-limiting enzyme, serotonin N-acetyltransf erase (NAT) . Analysis of 

the 

CREM-null mice and of the promoter of the NAT gene revealed that ICER 
controls the amplitude and rhythmicity of NAT, and thus the oscillation 

in 

the hormonal synthesis of melatonin. 
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LANGUAGE: English 
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AB We observed previously that glia maturation factor (GMF) , a 17-kDa brain 
protein, is rapidly phosphorylated in astrocytes following stimulation by 
phorbol ester, and that protein kinase A (PKA) -phosphorylated 
GMF is a potent inhibitor of extracellular signal-regulated kinase (ERK) 
and enhancer of p38; both are subfamilies of mitogen-activated protein 
(MAP) kinase, suggesting GMF as a bifunctional regulator of the MAP 

kinase 



cascades. In the cur^pit report, we present evidence CTTat PKA 
-phosphorylated GMF also promotes (11-fold) the catalytic activity of 
PKA itself, resulting in a positive feedback 

loop. Furthermore, GMF phosphorylated by protein kinase C (PKC), 
but not by casein kinase II or p90 ribosomal S6 kinase, also activates 
PKA (7-fold) . It appears that the mutual augmentation of GMF and 
PKA, and the stimulating effect of PKC, both serve to maximize the 
influence of PKA on the regulation of MAP kinase cascades by 
GMF. Using synthetic peptide fragments containing putative 
phosphorylation 

sites of GMF, we demonstrate that PKA is capable of 

phosphorylating threonine 26 and serine 82, whereas PKC, p90 ribosomal S6 
kinase, and casein kinase II, can phosphorylate serine 71, threonine 26, 
and serine 52, respectively. The generation of various phospho-isof orms 



of 



GMF may explain its modulation of signal transduction at multiple 
locations . 
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Autophosphorylating histidine kinases are an ancient conserved family of 
enzymes that are found in eubacteria, archaebacteria and eukaryotes. They 
are activated by a wide range of extracellular signals and transfer 
phosphate moieties to aspartates found in response regulators. Recent 
studies have shown that such two-component signal transduction pathways 
mediate osmoregulation in Saccharomyces cerevisiae, Dictyostelium 
discoideum and Neurospora crassa. Moreover, they play pivotal roles in 
responses of Arabidopsis thaliana to ethylene and cytokinin. A 
transmembrane histidine kinase encoded by dhkA accumulates when 
Dictyostelium cells aggregate during development. Activation of DhkA 
results in the inhibition of its response regulator, RegA, which is a 

phosphodiesterase that regulates the cAMP dependent protein kinase 
PKA. When PKA is activated late in the differentiation 

of prespore cells, they encapsulate into spores. There is evidence that 

this two-component system participates in a feedback 

loop linked to PKA in prestalk cells such that the 

signal to initiate encapsulation is rapidly amplified. Such signal 

transduction pathways can be expected to be found in a variety of 

eukaryotic differentiations since they are rapidly reversible and can 

integrate disparate signals. 
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Journal code: 3U8 . ISSN: 0002-9513. 
PUB. COUNTRY: United States 

Journal; Article; (JOURNAL ARTICLE) 
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AB We used proximal tubule-derived opossum kidney (OK) cells to determine 
the 

dependence of albumin endocytosis on regulation by protein kinases and on 
the cytoskeleton . Uptake was observed only across the apical but not the 
basolateral membrane and exceeded uptake in collecting duct-derived 
Madin-Darby canine kidney cells 14-fold. Inhibition of endocytosis via 
clathrin-coated vesicles but not via caveolae abolished uptake. 
Cytochalasin D reduced uptake to < 5% of control, and inhibition of 
microtubule polymerization by nocodazole reduced uptake to approximately 
55% of control. Activation of protein kinase A (PKA) by 

adenosine 3 f , 5 '-cyclic monophosphate, forskolin, or parathyroid hormone 
(PTH) reduced uptake to approximately 65% of control. Protein kinase C 
(PKC) activation did affect uptake to a similar extent as PKA 
activation but with a certain delay. Stimulation of PKG by guanosine 
3', 5' -cyclic monophosphate did not affect albumin endocytosis. The 
inhibitor of tyrosine kinases (TRK) , genistein, induced an increase of 
uptake to approximately 160% of control. Reexocytosis of albumin was 
enhanced by PKC activation but not by PKA activation. TRK 
inhibition reduced the rate of reexocytosis. We conclude that albumin 
endocytosis in OK cells requires the integrity of the actin cytoskeleton. 
Microtubules facilitate endocytosis. Uptake is regulated by PKA, 
PKC, and TRK, yet with different time course and by different mechanisms, 
e.g., reexocytosis. Possibly TRK activity serves in a negative 
feedback loop to limit albumin endocytosis via a 
stimulation of reexocytosis. 
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AB Insulin-like growth factor-1, IGF-1, is believed to be an important 

anabolic modulator of cartilage metabolism whose action is mediated by 
high affinity cell surface receptors and bioactivity and bioavailability 
regulated, in part, by IGF-1 binding proteins (IGFBPs) . Prostaglandin E2 
(PGE2) stimulates collagen and proteoglycan synthesis in cartilage via an 
autocrine feedback loop involving IGF-1. We determined 

whether the eicosanoid could regulate IGFBP-4, a major form expressed by 
chondrocytes and, as such, act as a modifier of IGF-1 action at another 
level. Using human articular chondrocytes in high-density primary 
culture, 

Western and Western ligand blotting to measure secreted IGFBP-4 protein, 
and Northern analysis to monitor IGFBP-4 mRNA levels, we demonstrated 

that 

PGE2 provoked a 2.7 +/- 0.3- and 3.8 +/- 0.5- (n = 3) fold increase in 
IGFBP-4 mRNA and protein, respectively. This effect was reversed by the 
Ca(++) channel blocker, verapamil, and the Ca (++) /calmodulin inhibitor, 



W-7. The Ca(++)iono ionomycin, mimicked the effects of PGE2 . The 

phorbol ester, PMA, which activated phospholipid-dependent protein kinase 
C (PKC) in chondrocytes, had no effect on IGFBP-4 production. Cyclic AMP 
mimetics and PKA activators, IBMX, and Sp-cAMP, inhibited the 
expression of the binding protein as did the PGE2 secretagogue, 
interleukin-1 beta (IL-beta) . The inhibitory effect of the latter 
cytokine 

was mediated by a erbstatin/genistein (tyrosine) sensitive kinase. 
Dexamethasone, an inhibitor of cyclooxygenase (COX-2) expression and PGE2 
synthesis, down-regulated control, constitutive levels of IGFBP-4 mRNA 

and 

protein, eliminating the previously demonstrated possibility of 
cross-talk 

between glucocorticoid receptor (GR) and PGE2-receptor signalling 
pathways. The results suggest that extracellular signals control IGFBP-4 
production by a number of different transducing networks with changes in 
Ca(++) and calmodulin activity exerting a strong positive influence, 
possibly maintaining the constitutivity of IGFBP-4 synthesis under basal 
conditions. PGE2 activation of the IGF-1/IGFBP axis may play a pivotal 
role in the metabolism of cartilage and possibly connective tissues in 
general. Eicosanoid biosynthesis may be a rate-limiting step in cartilage 
repair processes. 
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AB We report that recombinant glia maturation factor (GMF) , a 17-kDa brain 
protein, inhibits the activity of mitogen-activated protein (MAP) kinase 
in the test tube assay, in particular the ERK1/ERK2 isoforms. A 
preliminary phosphorylation of GMF by protein kinase A (PKA) 
dramatically increases its inhibitory effect by over 600-fold (Ki 
approximately 3 nM) , making it the most potent MAP kinase inhibitor ever 
reported. Immunoprecipitation of GMF from cell extracts using its 

specific 

antibody coprecipitates ERK (and vice versa) , suggesting the association 
of the two proteins in the cell. The inhibitory effect of PKA 
-phosphorylated GMF is specific, as it does not suppress the activity of 
cdc2 kinase, another proline-directed kinase. Nor does it inhibit MAP 
kinase kinase (MEK) and MAP kinase-activated protein (MAPKAP) kinase-2, 
the two enzymes immediately upstream and downstream, respectively, of 

ERK . 

Of the other three enzymes that can phosphorylate GMF, only p90 ribosomal 
S6 kinase (RSK) enhances the inhibitory function of GMF on ERK; protein 
kinase C (PKC) and casein kinase II (CKII) are without effect. The 
inhibition of ERK by PKA-phosphorylated GMF suggests that GMF 
could be one of the mediators of the suppressive effect of the PKA 
pathway on the MAP kinase pathway. On the other hand, that 
RSK-phosphorylated GMF also inhibits ERK implies a negative 
feedback loop in the regulation of MAP kinase activity. 
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AB Recent studies have shown that, in Chinese hamster ovary cells 
transf ected 

with D2-receptor cDNA, CHO(D2) cells, D2 agonists are potent in enhancing 
the release of [3H] arachidonic acid (AA) induced by stimulation of 
constitutive purinergic receptors or by application of Ca2+ ionophores. 
This facilitatory action is further amplified by the concomitant 
activation of Dl receptors, which per se have no effect on evoked [3H]AA 
release. Here, we review a series of experiments aimed at examining the 
molecular mechanism of this synergistic interaction. The results show 
that, in CHO(D2) cells: (a) application of 8-Br-cAMP or stimulation of 
constitutive prostaglandin (PG)E2 receptors augment the AA response 
produced by D2 agonists; (b) in CHO(D2) cells transfected with human beta 
2-receptor cDNA, the beta-agonist, isoproterenol, produces a similar 
effect; (c) the potentiation of [3H] AA release produced by PGE2 and 
8-Br-cAMP is prevented by overexpressing either a protein inhibitor of 
cAMP-dependent protein kinase (PKA) or a mutated form of 
pKA regulatory subunit incapable of binding cAMP; (d) 

mock-synergism is obtained in CHO(D2) cells overexpressing the catalytic 
subunit of PKA; (e) PGE2 is a major AA metabolite in stimulated 
CHO(D2) cells and its formation may contribute to the effect of D2 
agonists on AA release. The results indicate that cAMP-induced activation 
of PKA represents a likely molecular basis for D1/D2 receptor 
synergism on AA release. They also suggest that additional membrane 
receptors, colocalized with D2 and positively linked to adenylyl cyclase, 
may exert a similar action. Furthermore, stimulation of PGE2 receptors by 
endogenously produced prostaglandin may participate in AA signaling at 

the 

D2 receptor, by providing a paracrine positive feedback 
loop. 
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most areas of adult brain' 6,19 , suggesting that they may contri- 
bute to cellular and synaptic differentiation in the developing 
central nervous system. Thus, the deficit of a5, 03 anil y3 sub- 
units is likely to cause deleterious effects such as the tr. nor and 
jerky gait that appear in pumice. Moreover, it is poso/oie that 
a 03 deficit leads to other development anomalies associated 
with tf* (cleft palate and ranting for example), because 03 is 
expressed in germinal zones' 6 and the mitotic zone of the. 
forebrain 22 . Alternatively, the absence of other, as-yet unidenti- 
fied, gene(s) in the p cp deletion may be responsible for these 
phenoiypes. Analysis of icmpoiaS and spatial expression patterns 
of GABA A receptor subunit, together with histological analysis 
of the developing p cp brain, could provide an insight into the 
neurological and cellular basis of p cp phenol, pes, and also clarify 
the significance of a 5. 03 and y3 subunits in development. 

The human counterpart of the region deleted in p cp is associ- 
ated with Angleman syndrome (AS) 3 9 , which is characterized 
by severe mental retardation, microcephaly, seizures, ataxia, 
craniofacial anomalies and hypopigmentation 23 * 24 . The smallest 



known maternal deletion resulting in AS involves the 03 but not 
the a 5 gene 8 * 9 (although a single AS patient bearing a transloca- 
tion is apparently intact for the 03 gene 25 ). Because the pheno- 
typic effects of the p ep mutation are recessive and independent of 
parental origin 2 , the AS critical region may be outside of the p ep 
deletion, despite certain phenotypic similarities between /J** mice 
and AS patients' 5 . However, if the mouse counterpart of the AS 
gene(s) is not imprinted, it is possible that the AS critical gene(s) 
may be within the p** deletion. Indeed, an AS-like paternal 
imprinting effect was not detected for the central region of mouse 
chromosome 7 (including the region deleted in the p cp 
mutation 26 ). Conservation of synteny of the region deleted inp ep 
with human chromosome I5q predicts that the human y3 gene 
will map near the a 5 and 03 genes. It thus remains to be deter- 
mined what role, if any, these three GABA A receptor subunit 
genes play in the aetiology of AS. 

Note added in proofs Culiat et aL n have reported a concordance 
of 03 gene disruption and cleft palate phenotype in a series of 
p allele deletions. ,. * □ 
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Amplification of calcium- 
Induced gene transcription 
by nitric oxide In neuronal cells 

Natalia Painwva A Grtgorl Enlkolopov* 

Cold Spring Harbor Laboratory, PO Box 100. Cold Spring Harbor, 
New York 11724, USA 



Nrrac oxide (NO) is a short-lived, highly reactive &as, whkh has 
been identified as a mediator in vasodilation, an active agent in 
macrophage cytotoxicity and neurotoxicity, and a neuro- 
transmitter in the central and peripheral nervous systems 1 " 9 . Pro- 
duction of NO by neurons is critical for facilitated synaptic 
transmission in models of synaptic plasticity such as long-term 
potentiation and long-term depression, suggesting a role for NO 
as a retrograde messenger that could complete a hypothetical feed- 
back loop by strengthcaing the connection between postsynaptic 
and presynaptic cdfe*" 1 *. We report here that although alone NO 
has no evident effect on transcription, it can act as an amplifier of 
cakimn signals in neuronal cetts. NO and Ca 2 * action have to 
coincide in time for amplification to occur. Experiments with a 
series of simplified reporter genes in combination with specific 
recombinant protein kinase inhibitors suggest that induction of 



* To whom c orre s ponden c e should be addressed. 



gene activity following NO-aroplified calcium action involves pro- 
tein kinase A-dependent activation of the transcription 'factor 
CREB. 

To model a situation in which a neuron receives a NO signal 
simultaneously, with a signal of a different modality, we exposed 
neuronal PC 1 2 cells to combinations of NO with different indu- 
cers of transcription and monitored changes in c-fos and c-jiin 
messenger RNAs. These immediate-early genes serve as sensitive 
reporters 11 , the modular structure of their promoter regions 
allowing correlation of incoming signals with discrete transcrip- 
tional regulatory elements and factors. Further/ these genes 
encode components of a family of transcription factors that may 
mediate subsequent long-term changes in patterns of cellular 
gene expression 11 . Figure la shows that NO (produced by a 
nitric oxide-generating compound, sodium nitroprusside, SNP) 
was unable to induce transcription on its own; this holds true 
over a wide range (from 0.1 uM to I mM) of SNP concentrations 
(data not shown). But when NO was applied to cells in combina- 
tion with certain treatments known to induce immediate-early 
gene expression, induction of c-fos expression was greatly 
enhanced in some cases: NO only amplified the action of those 
agents that act through calcium ions — ionophores A23I87 and 
ionomycin. Bay K8644 (an agonist of voltage-gated calcium 
channels (VGCC), thapsigargin (an agonist of intracellular cal- 
cium release) and KCI. which depolarizes the cell membranes. 
In contrast NO did not affect induction by forskolin or phorbol 
my instate acetate (PMA). NO had similar effects on c-jtm induc- 
tion, although to a much lesser degree. NO-mediated amplifica- 
tion was blocked by the Ca 2+ chelator EGTA, by the VGCC 
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FIG. 1 Nitric oxide amplifies the action of Ca* ' agents on gene activity 
in PC12 cells, a. Analysis of NO action on transcription in PC12 cells. 
PC12 cells were exposed for 45 min to various inducers with (+) or 
without (-) 5 jiM NO-generatirig compound sodium nitrbprusside (SNP); 
lanes 1. 2. no i.^iicers; lanes 3. 4, 5 uM A23187; lanes 5. 6, luM 
ionomycin: lanes 7.8. b pi\* 2?y K8644; lanes 9, 10. 1 uM thapsigargin; 
lanes 11. 12. 5?mM KCI; fanes 13. 14 10 uM forskolin and 0.5 mM 
^tsur,irr^V^"t-:vC (!SMX); Janes 15. 16, 200rgrri! 1 PMA; Sane 
17. 20 uM 8-Br^MP; lane 18. 20 uM &Br-cGMP and 5 uM*A23187. 
Lanes 19 25 represent a separate set of experiments* where the cells 
received no treatment (iarie 19).. 5 uM SNP (lane 20). 5 uM Bay 
(lane 21) or a combination of both (lanes 22 25). but were also, treated 
with 3 mM EGTA (lane 23). 500'jig ml * 1 of haemoglobin (lane 24) and 
20 uM nifedipin (lane 25) 5 min before addition of SNP and Bay K8644. 
b. Enhancement of AP-1 binding activity by combined NO/Ca 7 ' action. 
Nuclear extracts were prepared from untreated cells (lane 2) and from 
cells treated with 5 uM.SNP (lane 3); 5 pM A23187 (lane 4); acombina- 
tion of both (lane 5)/ 20 uM 8-Br-cGMP without (lane 6) or with (lane 7) 
5 uM A23187. or 10 \aM forskolin and 0.5 mM IBMX (lane 8). Nuclear 
extracts were incubated with "P-labelied probes corresponding to the 
AP I binding site (AP I) or the octamer motif (Oct-l) from the HSV ICPO 
promoter. 

METHODS. PC12,cells were grown in DMEM supplemented with 5% calf 
serum and 10% horse serum (HyClone). For induction, cells were 
exposed for 45 min to' various' inducers in the presence or absence of 
5 SNP. dissolved in H 3 0 immediately before addition. Cells were 
collected on ice. washed with iceco!d PBS and the cytoplasmic RNA 
was extracted and analysed by RNase protection following standard 
procedures. The c-fos probe was prepared from a plasmid carrying 
mouse c-fos sequences from -56 to +109. The cjun probe contained 



antagonist nifedipin, and by extracellular haemoglobin, which 
uindb NO and sequesters it from the media tianes 23-25). The 
NO/Ca - * induction of the endogenous c-fos gene and a trans- 
lated /^promoter showed rapid and transient kinetics charac- 
teristic of c-fos activation by a variety of inducers" \ ,J ;( Fig. 2a). 

The elevated induction of c-fos mRNA was productive, lead- 
ing to an increase in binding activity of the AP-1 transcription 
factor comprising Fos and Jun family proteins. The combined 
action of NO and the Ca 2 + ionophore A23 1 87 produced a strong 
increase in AP-1 activity (Figr I b). • - • -~ 

To test the possibility that NO acted by changing the level of 
cellular cyclic G MP' \ we treated the cells with a combination 
of A23187 and 8-Br-cGMP. Application of 8-Br-cGMP did not 
induce transcription, but. like NO, 8-Br-cGMP amplified the 
effect of Ca 2+ influx (Fig. !</, lanes 17, 18). This effect was also 
reproduced when AP-1 binding was measured (Fig. \b). These 
data support the notion that cGMP may mediate NO action 
and indicate that cGMP can influence gene expression. Taken 
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rat c-jun sequences from +295 to +527: cyclophiiir. probe (a gift from 
G. D'Arcangelo) contained rat cyclophilin sequences from +465 to 
+673. Rat c-fos mRNA carries three mismatches with the mouse probe, 
but under our Tl RNase, digestion conditions It protected an RNA 
fragment of the expected length. *The enhancement effect was repro- 
duced by different sources of NO. including S-nitrbsocysteine and 3- 
mprpholino-sydnonimine (data not shown), suggesting that this effect is 
specific to NQ. For band-shift analysis, PC12 ceiis were stimulated for 
90 min. washed with ice-cotd PBS and the nuclei were Isolated by treat- 
ment with 0.1% NP-40. Nucfear' proteins fwere e^cted in - htgh-salt ' 
buffer and binding assays were as* described 14 . Synthetic oligonucleo- 
tides contained a single copy of AP-1 site (5 -TCGACGGTATCGATA- 
AGCTATGACTCATCCGGGGGATC-3 ) (a gift from K: - Riabpwol). v 
Experiments with unlabelled wlld-tfpe and mutant AP-1 binding oligo- 
nucleotides and Fos- and Jun-specific antibodies confirmed that this 
elevation was due to specific binding by Fos- and Jun-containing protein 
complexes (data not shown). Treatment of PC12 cells with forskoiin and 
IBMX produced the biggest increase in AP-1 binding activrty°and is . 
rpproduc^d (o, lane 8) for comparison with other inoucers. For Oct-l 
assays the same conditions were used except that each reaction con- 
tained 0.1* vol. of fetal bovine serum and the probe used was a 120 bp 4 
fragment containing a TAATGARAT element derived from the HSV ICPO ' 
promoter (a gift from J. S. Lai). 



together, these results suggest that the combined action tf NO 
and calcium leads to production of a highly active transcription 
factor capable of reprogramming the pattern of gene expression 
in neurons. 

To determine whether NO and calcium act coordinated to* 
produce a synergistic effect on transcription, we gave a pulse of 
one component, washed it away and added the second compo- 
nent immediately or after a further incubation of 5, 10 or 20 min: 
Addition of Bay K8644 after the removal of NO resulted in a 
loss of the synergistic effect (Fig; 2k "lanes 9-12). This wan 
observed even when application of the two inducers was separ- 
ated by only 5 min or less. After 10 min the signal was back to 
the levels of induction by Bay K8644 alone (compare lanes 3; 
II and 12). In the reciprocal experiment, in which Bay K8644 
was applied first, a similar loss in the synergistic action of the 
two signals was observed (lanes 5-8). As a control, if the second 
reagent was added after 10 min without removing the first, the 
amplified response was nearly unaffected (lanes 13. 14). These 
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FIG. 2 Time requirements for the synergistic NO/Ca a+ 
action, a, Kinetics of induction of endogenous and trans- 
fected fos genes after N0/Ca 2+ action. Reporter con- 
structs containing CAT gene fused to the -356- +109 
promoter region of c-ros gene (-356-fbs-CAT) and a 
human a-globin gene used as an internal control were 
transfected Into PC12 cells. After induction by 5 uM SNP 
and 5 uM A23187, RNA was isolated at various time 
points, indicated on the figure, and analyse . 1 v RNase 
protection assay as described for Fig. 1. T, E > a mark 
the positions of probe fragments protected by correctly 
initiated transcripts of the Udnsfecled c-fcs-CAT plasmid, 1 
endogenous c-fos RNA and transcripts of the a-globin 
internal control, respectively, b, Analysis of the time win- 
dow of the synergistic NO/Ca 2 + action. PC12 cells were 
left untreated (lane 1). or were exposed to 5 uM SNP, 
5 uM Bay K8644, or a mixture of SNP and day K8644 
(lanes 2, 3 and 4. respectively). In a separate series of experiments 
(lanes 5-8) PC12 cells received a pulse of 5 uM SNP for 10 min, were 
washed several times with warm equilibrated DM EM, covered with 
warm equilibrated DMEM and, after indicated periods of time, received 
5 |iM Bay K8644 for 45 min; in reciprocal experiments (lanes 9-12) 
cells received a 10 min pulse of 5 jiM Bay K8644, followed by washing, 
incubation and addition of 5 uM SNP after indicated periods of time. 
Lane 13. Bay K8644 (5 uM) was added to cells for 10 min followed jy 
addition of 5 jiM SNP for 45 min without removal of Bay K8644; lane 
14, SNP (5 uM) was added to cells followed by addition of 5 uM Bay 
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K8644 without removal of SNP. RNA was isolated and assayed for c- 
fbs RNA as described for Fig. 1. 

METHODS. Plasmids were transfected into PC12 cells by electroporation 
at 220 V, 960 uF. After a 40-h incubation the cells were stimulated for 
the indicated period of time, collected, and RNA was isolated as . 
described In Fig. 1, except that RNA preparations were treated -with 
RNase-free DNAase and purified by deproteinization. RNA was analysed 
by RNase protection assay using c-fos and a-globln-specific probes as 
described for Fig. 1. The a-globin probe contained human a-globin gene- 
sequences from -15 to +95. . - 1* ■ . "v 



observations indicate that the two stimuli. NO and calcium, have j 
to be present together within a small time window tip exert their 
synergistic action. " ^ ' " . 

• Calcium induction of a transfected reporter gene "composed of . 
the c-fos promoter linked to the heterologous chloramphenicol ' 
acetyltransferase coding sequences (c-/6s-CAjy iM caii also be 
amplified by NO, indicating that a short (400-base-pair (bp)) 
promoter region of the c-fos gene is sufficient to confer NO/Ca 2 * 
inducibility.(Fig..2a). To examine which DN A sequences in the ; 



c-fos promoter and which transcription factors mediate this 
effect, we tested a series of simplified reporter constructs 1 ' ! 4 (a: 
gift from' M. Gilman) for their ability to support NO-amplified 
calcium signalling. Promoter deletion analysis (Fig. 3b), shows 
two major transition points in induction levels, first when . the 
reporter promoter was truncated from ••- 356 to - 275, which 
removed several important regulatory elements, and secondly 
when it was truncated from - 7 1 to - 56, removing the major 
cAMP-responsiye element (CRE). These results are, consistent? 
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FIG. 3 CRE/CREB can transmit the amplified NO/Ca 2 * signal to a 
reporter gene, a, Schematic diagram of c-fos upstream sequences. The 
regions corresponding to the s/s-inducible element (SIE/CRE), the serum 
response element (SRE), the AP-i binding site (AP-l/CRE). the cAMP 
response element (CRE), t ATA box (TATA) and the CAT reporter gene 
are shown as filled boxes, b. Transient expression assay of mouse c-fos 
5'-deletions. A series of reporter constructs containing truncated mouse 
c-fos promoter carrying sequences up to +109 and connected to the 
coding region of CAT gene 14 were transfected into PC12 celts along 
with the human a-gtobin internal control plasmid. Numbers and arrows 
above the lanes show the positions of 5'-end points of deletions of the 
c-fos promoter in c fbs-CAT fusions; lane 9 contained c-fos gene from 
position -356 to +4,000. c. Transient expression assay of multimerized 
SRE and of the GAL4/CRE8 reporter system. Cells were transfected with 
a reporter construct containing five copies of SRE connected to position 
-56 of c-fos promoter of the c-fos-CAT construct (5 x SRE. lanes 1 4), 
or with a mixture of 3 ug of reporter plasmid 5 * GAL4-CAT and 0.3 ug 
of expressor plasmid GAL4-CREB (GAL4-CREB, lanes 5-8) or its mutated 
(Ser 133 -* Ala) version (lanes 9-12). The constructs were the same as 
in ref. 2p, except that GAL4-CREB fusion was expressed under the 
control of RSV promoter. All transections contained a-globin internal 
control plasmid. Cells were transfected and RNA was assayed as 
described in Fig, 2. Series of truncated c-fos-promoter. 5xSRE-CAT. 
5 x GAL4-CAT and GAL4-CREB constructs were gifts from M. Giiman and 
L Berkowitz. 
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with the function of the c-fos CRE as one, but not the sole, Ca 2 + 
response element (refs 15, 16 and N.P., M. Gilrrrn and G.E., 
manuscript in preparation). To test whether the c-fos serum 
response element (SRE), which can also transmit part of a Ca 2+ - 
generated signal in KCl-depolarized PC12 cells (N.P. et at., 
manuscript in preparation), is a target for the NO/Ca 2 + path- 
way, we transfected cells with a reporter construct containing 
five copies of the SRE linked to a truncated c-fos promoter 
devoid of inducible sequences. Data in Fig. 3c (lanes 1-4) 
demonstrate that NO failed ;o amplify the calcium-dependent 
activation of this reporter. Thus, the SRE is not a target for NO- 
amplified Ca 2 * signals. 

CREs of several genes are bound by the transcription factor 
CREB' 7 M . To test directly the involvement of CREB as a down- 
stream target of NO potentiation and to discriminate CREB- 
mediated effects from the action of endogenous transcriptional 
factors, we used effector proteins in which the DN A-binding 
specificity of CREB has been changed by fusion to the DNA- 
binding domain of the yeast transcriptional activator GALA 30 . 
A reporter gene containing multiple GAM binding sites served 
as a sensitive indicator of the transcriptional activity of the hy- 
brid CREB protein. The combined action of NO and Bay K8644 
synergistically activated the reporter gene (Fig. 3c). A mutant 
form of GAL4-CREB lacking the Ser 133 phosphoacceptor site 
could no longer transmit the NO signal thus demonstrating that 
a functional CREB protein is a target for at leasi one of the 
NO/Ca 2 + -induced pathways in the nucleus. 
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Ca 2+ signalling in neurons is uiediated by several serine/ 
threonine-specific protein kinases 21 " To determine which 
enzymes are involved in signalling by NO/Ca 2 + f we have used 
specific recombinant inhibitors of individual protein kinases 
(N.P. et a/., manuscript in preparation). These inhibitors 
were constructed based on the autoinhibitory pseudosubstrate 
domains of several protein kinases 24 26 and they are potent and 
selective toward their cognate enzymes (N.P. et al., manuscript 
in preparation). We cotransfected reporter plasmids carrying a 
full-length c-fos promoter with inhibitor plasmids and monitored 
whether selective inhibition of a particular protein kinase 
blocked NO/Ca 2 + induction. Mutant inactive forms of the 
inhibitors served as controls. Consistent with the data on promo- 
ter mapping, only the cAMP-4ependent protein kinase (PKA) 
inhibitor and, to a small degree, Ca 2 + /calmodulin-dependent 
protein kinase II (CaMK) inhibitor blocked the NO/Ca 2+ 
response (Fig. 4). These results implicate the PKA-CREB-CRE 
system as a major component of the signalling pathway for the 
transcriptional synergy of NO and Ca 2 ^ and suggest that cAMP- 
Ca 2+ synergism 15 27 may be a part of NO/Ca~ signalling. 

The phenomenon of NO-mediated potentiation of the Ca 2t 
response may have implications beyond transcriptional regula- 
tion. For example, JMO could potentiate the PKA phosphoryla- 
tion of cytoplasmic proteins with direct roles in synaptic 
function. The effect of NO on signalling might be particularly 
important at very low levels of calcium action, at which this 
inducer acting alone would have negligible effect; these very 
Weak signals, which would go unnoticed by the cell might be 
amplified by NO, resulting in pronounced physiological changes 
for the cell. Because NO diffuses freely, nearby synapses that 
receive very weak impulses simultaneously with exposure to NO 
might establish facilitated synaptic transmission 28 . NO and Ca 2+ . 
have to act withina very narrow time window for this enhance- 
ment to occur, suggesting*: that in the nervous system, this 
synergistic effect might be restricted to the recently active syn- 
apses, thereby coinciding with transient elevations of calcium 

jeveis 29 ; _ . ' ' . >v ' : . □ 
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FIG. 4 Analysis of input of different protein kinases in NO-amplified 
calcium action. PC12 cells were cotransfected with -356-tos-CAT 
reporter construct along with 20 ug of recombinant inhibitors of different 
protein kinases and human a-globin control. Cells were exposed for 
60 min tc the action of 5 uM SNP and 5 uM A23187, or 5 uM SNP and 
5 uM Bay K8644, as indicated, and RNA was isolated and assayed as 
described on Fig. 2. Reporter constructs were cotransfected either with 
PUC119 (lanes 1, 2) or with active (wt) and mutated inactive (mut) 
versions of recombinant protein kinase inhibitors as indicated. Lanes 
3 6, recombinant inhibitors for protein kinase A (PKA); lanes 7-10. 
inhibitors for protein kinase C (PKC); lanes 11-14, inhibitors for Ca 2 7 
calmodulin-dependent multifunctional protein kinase II (CaMK). Recom- 
binant inhibitors of* protein kinases were expressed under the control 
of RSV promoter and rabbit 0-globfn spliclng/polyadenylation sites. The 
structures of the recombinant PKC and CaMK inhibitors were matched 
to the sequences of the short conserved peptides located at positions 
19-36 in various forms of PKC and positions 273-302 of CaMK. 
respectively. The recombinant PKA inhibitors included sequences of the 
murine PKA regulatory subunit Rta and the natural heat-stable PKA 
inhibitor (PKI). Such peptides act as powerful and highly specific 
pseudosubstrate inhibitors of the cognate enzymes in vftro*" . Mutant 
forms of the inhibitors carrying inactivating amino-acld substitutions in 
the kinase recognition sequences served as controls. In a series of 
control experiments (N.P. et a/., manuscript in preparation and data not 
shown) the actions of recombinant Inhibitors was shown to be selective 
for their target kinases and potent enough to block the reporter induc- 
tion by a corresponding stimuli (forskolin, TPA. KCI). 
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